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It was a year of misery for Eastern Europeans, 1241. 
To escape the Mongol juggernaut, 40,000 refugees from the 
steppe of Russia had strageled into Hungary. Mongol forces 
followed, smashing every army in their path. Only the 
death of the great khan Ogodet back in Mongolia halted their 
onslaught. Today the memory of Hungary's agony is 
_kept altve by a memorial near the town of Muhi, where 60,000 
__ were killed during the spring of that terrible year. 
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bithless as the Mongol 5 themselves, time has all 
but obliterated their once oe ig at arakorum.. (ik\ =) 










rior kings. Forged uptan bisltal conquest of Oe Rana, vances | 
and most of the Middle East, the 13th-century Mongol i world |! 
was ‘the largest land empire histody has known. The | paiza— 

an inscribed passport-medailion —allowed messengers to 

cross the empire's vast landscapes unimpeded, Though 

masters on land, the Mongols suffered great arp at sea. 
Attempting to invade Japan, 
thousands died—some by 
drowning, others by fighting for 
a toehold on shore. A trophy 
from that battle, an embossed " 
Mongol officer's helmet (left), is | 
now a Japanese museunt piece. 
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? All empires from sunrise fo sunsel have been grven tous, and we 
fyi ip}: the nt —GUYUK.. THIBD GHEAT KHAN OF THE MONGOLS 
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0 EUROPEANE of the Lith century they were the horde 


matt, the Cothedral of ) pu 
from bell: Tartars from Tartarus, that part of Haces 
ot. Sophia offered refuge where the wicked were punished. They had the heads 





of dogs, anc they devoured the bodies of their victims 
Indeed, the Tartars, as Europeans called the Mongols, 
sometimes did cat the raw hearts or livers of slain foes 
hoping to capture their spirits. Europeans knew little 
about these invaders from the #ast, and “Tartars” seemed an apt name 
for them. It sounded ike Tatar, a name that wae commonly applied to 
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COLTER PE OF Pb peoples of the Asian steppe. Genghis Khan had slaughtered a tribe of 
Cither Kiemans found na Tatirs in his rise to power in Mongolin. 


: Mongolia? Where was that? Even to learned) Europeans the distant 
eich sancti. A Si- ris: 2 we te 
realms of Asia were terra incognita 

wreritht’s reold found Dire warnings of the Mongols’ ape oach reached Hungary's king, Béla 
IV. in 1236. Soon thousands of refugees poured into hits kingdom, bring- 
Ing news of the sacking of cibes to the east 

For the genesis of the Mongol invasion of Europe we must leap 4,000 
hwotifies to ite erud as a miles to Karakorum on 

year-long series of battles Genghis had brought the Merkits, Kereyiis, and 

komme 25 other Mongol tribes under his dominion, and by the time of his 
and delight death in 1227 he had established Karakorum as his base. Now the mantle 
of power hac passed to his son Ogodei, who would 
expand on (senghis = achievements, sending Mon 
armies rampagini both east and west 

l arrived at Harhorin, a small town near the site 
of Karakorum, to chants and the clash of cymbals 
This was notin my honor, however. Hudedhs! 
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monks in wine-colored robes were bestowing an 
anniial blessing on the home of my host, Raruuzan 
Orasin, a hotelier of sorts, who rents round, felt- 
walled pera to visitors. [ was ushered into his resi- 
dence: three gers joined together, Crowded into 
one were eight monks and a dozen of Orosin’s kin 

(rosin ladled bitter £eumiss, fermented mare's 
milk, the ubiquitous drink of Mongolia, into pint- 
size bowls; His wife, Amarjarial, a buxom womun 
in a blue silk dress, hanced the bowls to the guests 
long with plates of boiled mutton. Then the 
monks noticed me and, one after the other, began 
passing their snuff flasks, smiling and gesturing 
that [ should sniff afew grains 

As I was trying to jugele all this hospitality, the 
monks began to chant again, and Crosin filled cop- 
per cups with vodka, another popular Mongolian 
drink. Chanting gave way to singing, laughing 
and shouting that sve sian had retired 
ta my ger next door, At last there was silence, save 
for the wailing of a dog that mace the steppe seem a citnahs lonely 

For a brief time in the lath century Karakorum was the most powerful 
city in the world. But besides sherds of roof dles and porcelain, little 
remains tociay: (Chinese invaders destroyed the capital in 1388, after the 
Monel empire had waned, 
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eenacting a 
750-year-old horror, a 
lone bruinpeter sounds 
an alarm every hour on 
the hour from (he tower 
of Si. Mary's Cinarelt in 
Krakow, Poland, Trardi- 
Hon saya the sare call to 
arms was heard on Pil 
Sovmiay in 1241 to alert 
the tovernstolk that Mon- 
gals warne about fo store 
Hew tails. The friam- 
peter ends his clarion 
m-note, evoking the 
mnonen? al whieh a 
Mongol arrow struck his 
medieonl predecessor in 
the throat, 
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Stretched out on a cotin my ger, | peopled the silent rubble. Kara- 
korum was home to Uygurs from what is now western China, who were 
employed as scribes and administrators, and probably to masons from the 
kingdom of Xi Mia and smiths from Samarkand, captured by Genghis. 
Because the Mongols were tolerant of all faiths, there were Buddhist 
monks, Muslim imams, Mongol shaumuns, anc Nestorian Christians, the 
early proselytizers in ¢ast Asin. 

Ogodei took the tithe khagan, “khan of khans” —lord of lords, as we 
would say. Genghis had chosen Ogedei as his successor shortly before he 
died, probably believing that Ogodei was the most competent of the four 
sons by his principal wife. Ogodet lived riotously, enjoying—like my par- 
tying friends in the next ger—feasts and drink, He built an enormous pal- 
ace and commissioned a silver fountain acorned with animals, including 
an elephant, a tiger, and a horse, from which spurted koumiss, wine, andl 
mel, According to Rashid ad-Din, a Persian who wrote about the Mon- 
goals, Ogodei took “pleasures in the company of beauteous ladies and 
moonfaced mistresses.” But he was also his father's son, and soon after 
becoming khagan, Ogodei unleashed the army. 

“Genghis never planned to create an empire,” Larry Moses, a histo- 
rian at Indiana University, believes. “But with Ogodei that changed. 
Genghis’s sons had been granted territories of their own, and under 
Ogodei the Mongols began to enlarge them.” 

First, in 1230, troops reconquered Central Asia, the scene of so much 
destruction by Genghis himself, and then swept on to the modern lands 
of Azerbaijan, Georgia, Armenia, and Turkey. Rulers became vaseals, 
paving tribute and supplying troops. 

Even while those campaigns were under way, Ogodei led his cavalry 
ajtainst the Jin dynasty of northern China, whose territory Genghis had 
also plundered. The Mongol army was so formidable that it could fight on 
two fronts at once. In 1233 the Jin capital, Kaifeng, toppled, and a quar- 
ter of what is now China belonged to Karakorum. Some Mongols wanted 
to slaughter the Chinese and turn their land into pasture for horses. Ogo- 
det, however, heeded a Chinese scholar who argued that if the people 
lived, and prospered, they could be taxed. 

Thomas Allsen of Trenton State College in New Jersey, an expert on 
Mongol administration, has documented an array of taxes imposed on 
subject peoples. In China farmers were taxed according to the quality of 
their land and the number of oxen and tools they owned. There was also a 
head tax on adult males, payable in grain, and a household tax, pavable 
in silk. Similar taxes were imposed elsewhere in the Mongol empire. Mer- 
chants were taxed on transactions: Special assessments, such as levies of 
flour or rice for the army, were not unusual, and newly conquered peoples 
could expect to hand over a tenth of their possessions, 

Emboldened by sucess, in 1235 the Mongol nobles met at a wriltai, or 
areal assembly, and resolved to venture even farther afield. They would 
plunder the rich Southern Song empire and send yet another force west- 
ward—the army that reached Europe. 

As Morris Rossabi, an Asia scholar at Columbia University and City 
University of New York, points out, “It wasn't a conscious decision to 
invade Europe. They didn't know exactly where they were heading.” 
Historians believe the campaign was intended to secure the flanks of the 
fiefdom of Batu, one of Genghis’s grandsons, An undefined western terti- 
tory had been granted to Batu’s father, Jochi, Genghis’s eldest son. 
Photographer Jima STANFIELD covered the emergence of the Mongol empire under 
Genghis Khan for our December 1996 isque. 
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groraice of east 
Asia led Europeans into 
tld tmaginings af tir 
strows creatures. Prom 
India in the 14th century 
a papal envoy wrote: 
“No sucH peomle ao extst 
as nations, though there 
nery be any cedteendcnel 
rionster here ard there.” 
Heodless denizens tn- 
habit the east 1 this 
1Sth-centiry llustration 


of Marco Polo's travels: 


And who, brothers, fathers, and children, seeme this, God's 
infliction on the whole Kusstan Land, does not hament? 
— CHRONICLE OF NOVRORGD 


IXTY THOUSAND or more cavalrymen, along with bombardliers to 
work the mangonels, the giant catapults of siege warfare, started 
westward from Mongolia in 1236. A few months later this force 

| reached the Volga River near today’s Russian city of Kazan. 
Today 2 dam at Kazan makes a lake so wide I can’t see the oppo- 

site bank. In fact, for most of its length Mother Volga is a series of stair- 
step reseryoirs—and «sewer for industrial and human waste 

Beside the river — 
free-flowing then, of 
course— the Mongol 
horsemen fell upon the 
capital of the kingcom 
of Bulgar. Its rulers, kin 
of the Danube Bulgari- 
ins, Tin a prosperous 
trade in amber, furs, 
and lumber. News of 
the Mongol attack horri- 
hed the Russian princi- 
palities farther west 
The chronicler of Nov- 
gorod wrote that the 
“godless” invaders 
"slew all, both wives 
and children,” ‘Today 
the Bulgar capttal is 
mostly rubbie, 

The Mongols proba- 
bly wore looted Bulgar 
furs a5 they set out across the snowbound steppe toward Ryazan, 400 miles 
west. Princes of that city rode out to parley with the invaders. What tribute 
would the Mongols accept in exchange for sparing Ryazan?’ They demand- 
ed “a-tenth of evervthing,” even a tenth of the women and children, 
according to the Chronicle of Novgorod, “Only when none of us remain,” 
the nobles answered defiantly, So the Mongols cut trees.and surrounded 
Ryazan's walls with a stockade, Shielded from the defenders’ arrows, 
mangonel crews bombarded the city with stones for five days. Then the 
Mongols poured in, engaging in an orgy of rape and pillage. 

Russia at the time was a collection of principalities, so no great army 
opposed the invaders: Turning north, they reached Moscow, a minor 
town, and torched its wooden houses. Then they rode east to Viadimir, 

a prosperous trading city that supplied furs, fish, and iron products, 
including combination locks, to merchants of the Hanseatic League." 

I went the 135 miles from Moscow to Vladimir by highway. On the 
outskirts of the city rose a clutch of boxy apartment buildings, gray and 
depressing. Hut the old city core was low and graceful, pilastered, col- 
umned, and crowned with golden domes. A bulbous stone gatehouse 
stood athwart busy Moscow Street. In 1238 its gate was gold-sheathed — 
a touch of civic pride—and an earthen wall topped by a log stockade 

*See The Hansestic League, Europe's First Common Market,” in the October 
[Wed Lee 
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National Geographic, February 1907 


Hushond te several wives, 
Genghis Khan fathered 
many children. The forr 
sons by his principal unfe, 
Rorte, formed the limbs of 
itis dymistic bree. The 
house of eldest son fochi 
ener produced a great 
Kant, but tt otelted great 
pote. By jis refusal fo 
support Oeader's lime after 





the death of Guyuk, 
Jochy’s son Batu forced a 
power sift to the Tolui 
house, thus opening the 
cony for Mongke and 
Kublai, No itnages exist 
for Totur, Berke, or Arigh 
Boke. Except for the hal- 
led great knots, all are 
shonin witht traditional 
shaved heads, 
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By the time of Kublai Khan the 
Mongol world had consolidated 
into four nearatuionomous kur 
ates, each the personal fief of one 
of Genghis Khan's descendants... 


After the defeat of the Jin and then | 
the Southern Song empire, Kublat 


initiated 69 years of Mongol male 
over China under He auspices of 
his Yuan'dynasty. From the Yuan 
cayntal at Daiaiu, fie remurined tit- 
ilar head over the entire Mongol 
enipire and active ruler over 
Ching ama the Mongol homeland, 
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Inepired by Perskary 3 
astronomers, Kula! Khan 
commissions ah observa- 
tory to be built iv Baidu, 
There thm armiflaryaphere 
wnt used to mean angles — 
between calestial objoc te. 
Under Kublal's 34-jyear rule 
China makes many great 
strides In selenite, 
lec Thc FOG atin 
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stretched from the gatehouse around the city. In February of thal vear 
the townsfolk peered in terror from the battlements as Moneol horseme 





anproached across the snowbound count ryside. 
l imagine standing with them. We see the invacers dismount and 
advance behind a shield of captives. some Mongols rain arrows on us, 


others batter the gate with a great log. Tt makes a terrible noise hke thun- 
der, The mangonels hurl burning stuff that smells of sulfur and oil, Lonk- 
ing behind me, | see my house afire. Many of the other wooden houses ary 
in lanes bow 

ur ruler, Prince Yuri, was slain when he went to seck help, 50 we can- 
not expect another prince to aid us. We do what we can to drive away the 
heathens, (As devout Christians, we believ e the Mongols are godless say 
ages.) When they lean ladders agamst our wall and start to climb, we 
pour boiling writer and resin on them. We throw down stones, anything 
Many Mongols die, but others keep coming, Then our stockade catche 
fire, and the Mongols burst through the burning timbers 

[hide in a cellar. Some of my companions retreat into Assumption 
Cathedral, which = built like a fortress: a cube-ot stone with narrow wit 
dows. The Mongols heht their way in, Chur poor Princess Agata. And 
her daughter and grandchildren. Somehow the Mongols know that Prince 
Yuri's family is hiding in the loft. They set fires to smoke them out. Defi 
int to the end, Agafva suffocates with her kin 

The Mongols plunder whatever they want: the coveted locks mare 
our smiths, dlver candlesticks, even the candles: They strip what's left of 
the golden gate. They take our wives and sisters. 

Remarkably, some 760 years later Assumption Cathedral still stands in 
Vladimir. “| marble slab ina wall marks the niche where the bodies of 


Princess aye: I a and her family were interred 


Mongols, ike a brave fon falling upon ils prey, pursued 
[Hem, smiling and surving 
-HASHID AD-DIN: DEFEAT OF THE HUNGARIANS 


i1HE WAVE OF DESTRUCTION &WepTH across Ukraine, consuming 
Kiev and (Chernigov. Between assaults the ssi ath paused 
tor almost a yeor to fatten their horses and forge new arms 
Chevy probably collected fresh troops from a iearig tive Kip- 





Chaks anc other Turkic tribes on the She pp 
Meanwhile scouts gathered intelligence in the west. Mungary § arin 
was potentially huge—perhaps 100,000 troops if King Béla could rely on 
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his quarrelsome barons to fight. In Poland a sizable army was garrisoned 
at Krakow and another at Legnica. When the Mongols set out again, in 
February 1241, their leader, Batu, spread his forces across 4 60()-mile 
front, intending to engage all of them in one preat sweep rerat, Afgnunistin 
Thirty thousand cavalry rode into Poland. A vanguard approached 
Krakow, then retreated—a favorite Mongol tactic. Polish troops came oul 
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in pursuit Cnty to blunder tito the ambush. [he defenseless city was 
torched on Palm Suintlay, ladies of imlenpernci 


Wear Legnica, Duke Henry, one of Poland's four ruling princes, fell 
into a similar trap. His 70,000 men included a contingent of Teutonic 
Knights from the Baltic region, covered from head to toe m heavy steel recy might have sare 
mail. The Mongols appeared and retreated The mounted knights rushed ee 
in pursuit, only to find themselves in the pall of a smoke screen. Blinded ; . 
anc encumbere " by their metal sheathing, the knights fell to fast-cherging 
wielders of mace and lance. Henry's army was destroyed 
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Hato's scouts rode up to Pest, on the left bank, in March 1241. King Béla 
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heen fewchine out Powe! The monarchy had declined under Béla 
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lather, and Béla was attempting to reassert his authority, even conhisc: 
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LUMEN steppe nomads Who had poured into Hunga i ahead of the Mongol 


wivance, The barons resented Béta's offer of refuge to these forelgner: 
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Baghdad sent tremors 
through the. Islamic 
world. Aited ty massal 
states, Hulagu's troops 
crushed the defending 
Rais In open cConbal,, 
then proceeded to borm- 
bard the city with man- 
gonels— ike the one seen 
at lower left in a. 14th- 
century dlustration tha 
depicts soldiers crossing 
a river by means of a 
pantoon bridge, Once 
niside, Hey trapped tre 
Abbasid cali tra car- 
pet and trampled him 
with horses. They plun- 
dered Isiamt's greatest 
city, killing amyone 

tohe resisted. 
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Apparently surprised by the spirited defense, the Mongols withdrew. 

Batu's raiding parties crossed into Austria, almost reaching Vienna. 
Some historians speculate that the Mongols could have driven much 
decper into Europe, But in 1242 2 ricer from Karakorum reached Katu 
with the news that Khagan Ogode: was dead (most likely from drink), 
and suddenly the Mongols were gone. 

Batu probably withdrew because he expected his uncle's death to touch 
off a struggle for the throne, Larry Moses says Bato aspired to be khagan 
but knew that Ogodei's son, Guyuk, had been preordained. And Batu 
hated him. Still, Guyuk would have to be confirmed at a kwriltai of 
nobles, and if Batu, an honored khan, did not return to Karakorum to 
take part, the confirmation might be thwarted. Since he was heir to the 
Mongols’ western lands, Batu decided to retire to southern Russia and 
build his own capital. | 

Sarai, as it was called, must have been spectacular, for Russian archae- 
ologists have unearthed fine glazed tiles and even clay water pipes. Bato 
riled from o huge ger. Legend says it was lined with gold brocade and 
inspired the name for Batu’s Russian realm, Golden Horde. (The word 
“horde” comes from the Mongol erdw—camop or fiefcom.) 

The Golden Horde allowed the Kussian princes to administer their own 
territories hut extracted taxes and Lroops in tribute. Russian historians 
call this the “Tatar yoke.” [f the levies were withheld, the Mongols 
burned the cities again or summoned the recalcitrant princes to Sarai, 
where some were killed. Prince Mikhail of Chernigov, for example, was 
kicked to death and beheaded for good measure. 

The Mongols in Sarai were outnumbered by Kipchaks and other Turkic 
people of the steppe, who were soldiers, tax collectors, and slaves. Today 
their descendants are among the six million people who in Russia are still 
called Tatars. 


The dynasty did not have a sittme monarch for quite awhile, 
Within ond without there was great tumult, 
— CHINESE HISTORICAL TEXT 


“ITH OGODEI'S DEATH, and with Batu opposing the 
choice of Guyuk and refusing to return to Mongolia for a 
kuriltai, the descendants of Genghis were thrown into 
confusion, “If no acceptable candidate could be agreed 

, upon, they simply fought it out and whoever won, 
won," says Thomas Allsen of Trenton State. 

After Ogodei's death they did not fight with weapons, though that 
would come later. What transpired was rough-and-ready politicking, 
with deals and favors—fiefdoms, treasure, concubines—dispensed to 
princes and nobles in exchange for allegiance. 

In the main, the house of Ogodei was arrayed against that of his 
brother Tolui. In each clan a powerful woman played the leacling role, 
Although men took several wives and had concubines, one wife, usually 
the first, enjoyed high status and frequently took part in clan affairs. 

In fact, Ogedei’s widow Toregene ruled the empire for three years after 
his death, all the while scheming to win the throne for her son, Guyuk. 
Historians portray her as a vindictive woman with a penchant for sorcery. 
The other woman in the succession contest was Tolui's widow Sorghagh- 
tani, described as politically savvy—a Christian who supported Islam 


with alms, Ultimately her candidate was herson Mongke. 


Round one went to Toregene, who in 1246-saw Guyuk enthroned ina 
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rer outside Karakorum. [In attendance was a Franciscan fniar, Giovanni 
da Pian del Carpini, who traveled tleep into Asia 28 years before Marco 
Polo. He wrote that Mongol nobles and vassal rulers “brought to the new 
emperor an infinite quantity of gold, silver, precious stones and other 
Valuables,” and “general revelries went on well into the mght.” 
Giovanni was about 65 when he made his 15-montbh journey through 
devastated eastern Europe and across Mongol-held Central Asia to deliver 
A letter trom Pope Innocent TV. The pope wanted assurance that Europe 
would not be invaded again and invited the Mongols to accept Christian- 
ity, but Guyuk gave no promise of restraint and rejected baptism. Instead, 
he said Innocent IV should lead a delegation of kings “to pay homage to 
me and to serve me.” 
vr hard drinker, ruled only two years. Now 4 new succes- 





isUYUR, anot 
ston struggie began. Guyuk's wicow strove to win the khanship for her 
nephew Shiremun, But this time powerful nobles sided with Sorghaght- 
ani, and Mongke was enthroned at a kuriltal in. 1251. Even as the nobles 
celebrated, Shiremun and his supporters approached the ceremonial tent 
with arms, only to be discovered al the last minute and arrested. 


Mongke exiled Shiremun to China, where he was later executed, as 
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stained the far corners of the empire with the blood of suspect cousins and 
their collaborators. Some were murdered in darkly ingenious ways; two 
officials choked as their mouths were stuffed with stones, and Gayuk's 
widow was sewn in a carpet and drowned. 

Mongke consolidated his grip on power by cloaking himself in Genghis 
Khan's mantle, proclaiming, “I follow the laws of my ancestors.” This 
was certain to appeal in Karakorum, where people had begun to worship 
idols of Genghis. 

He is still revered. Last spring before Mongolia’s parliamentary clec- 
tions, the Democratic Union Coalition aired TV commercials in which a 
Genghis look-alike declared that if Genghis Khan were alive, he'd be on 
the coalition’s side. The coalition won decisively. 

“Thelieve he really thought of his grandfather as his-guide,” Thomas 
Allsen says of Mongke. “I think he believed he must continue Genghis's 
policies.” And that meant conquest. 


Mangonel-men... wath astone missile would convert the eve 
ofa needle inte a passage for a camel, —JUVAINI 


ONGEE LAUNCHED CAMPAIGNS even More audacious than 
Genghis had imagined, He and his brother Kublai 
led renewed assaults on the Song dynasty in southern 
China. From their capital, Hangzhou, probably the 

} ._ world's largest city, with at least one million people, the 
Song riled an empire rich in silk, jade, and porcelain. They printed books 
and sent trading ships to Java and India. Fertile lands along the Yangtze, 
Pearl, and other rivers fed 50 million people. 

The Middle Fast was an equally tempting target, renowned for its car- 
pets, calligraphy, and scholars, including mathematicians, astronomers, 
and physicians. So another brother, Hulagu, was sent west to capture 
Baghdad, Isiam's greatest city, as well as lands along the Mediterranean. 

In 1253 the Persian writer Ala-ad-Din Ata-Malik Juvaini recorded 
Hulagu's preparations for his Baghdad expedition. With the cavalry were 
a thousand expert artillerymen from Chine. The army swelled with troops 
from vassal states: Armenians, Georgians, Persians, Turks, By one esti- 
mate the force grew to 150,000 men, perhaps the largest one the Mongols 
ever put afield, 

Hulagu veered inte the Elburz Mountains to destroy the Assassins, a 
violent Islamic sect. Dagger-wielding fanatics, the Assassins had mur- 
dered many Islamic rulers who rejected their extremist tenets. They were 
said to strike while under the influence of hashish —hence the word 

“assassin,” from the Arabic fastsfasiin, or hashish eaters. 

Juvaini recorded that the mangonels hammered the eagles-nest fortress 
of the sect’s grand master, Rukn ad-Din, until he surrendered. He asked 
to be allowed to travel to Mongke's court to seek clemency, and Hulagu 
agreed. But in Karakorum Rukn ad-Din was received coldly, and after he 
departed the city, Juvaini wrote, he wes "kicked to a pulp and then put 
to the sword.” | 

The Mongol juggernaut rolled on to Baghdad and the verdant lands 
along the Tigris. Genghis had always been fortunate in facing enemies 
weakened by internal problems, and in 1258 the Mongol tuck held for 
Hulagu. Baghdad's ruler, Caliph Mustasim, was lethargic and insulated, 
and his chief mmister was of doubttul loyalty, On the one occasion that 
the caliph’s troops ventured forth, the Mongols broke a dike behind them, 
trapping them with floodwaters, and killed at least 12,000. 
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Hulagu's mangonels hurled palim-tree stumps against Baghdad (carts 
hauling stone missiles had not arrived), and after seven days the walls 
were breached. The Mongols poured in, The caliph's remaining soldiers 
were slaughtered, and there was civilian carnage reminiscent of Genghis’s 
ravishing of Central Asia. Historians say that Christian Georgians and 
Armenians in Hulagu’s army vented their hatred of Istam until Baghdad 
was filled with the stench of corpses. Some Persian writers put the toll 
as high as two million, an exaggeration, though it was certainly huge. 
“Many tens of thousands were killed,” wrote a Chinese envoy who vis- 
ited Bughdad a year after its capture. Baghdad never recovered its place 
us the hub of Islamic culture. As for the caliph, he and bis sons were sewn 
in carpets-and trampled to death by horses: 

The Ishamic world was in shock, as Europe had been when Batu 
scourged Hungary ancl Poland. The Mongols. who intended to stay, 
named Hulagu’s territory, which included most of what is today Iraq 
and Tran, the Ikhanate —“suobordinate khanate.” Soon Hulagu added 
Syria as well. 

Christians in the Mongol army urged Hulagu to push on to capture 
Jerusalem, which was then in Mustim haneds. Only one formidable foe, 
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the Mamluk regime of Egypt, stood in the way, and Hulagu demanded 
its surrender. [here was, however, another force present crusacers 
who clung to Palestine's Mediterranean shore, also hoping to gain 


the Holy City. Would they side with the invaders from the east against 
the Mlustimer 


Before the question could be answered, history repeated itself. Hulagu 


a 


learned that Khagan Mongke was dead, probably of dysentery, after: 
reign of eight years. Hulagu anticipated a succession struggle, ancd,.as 
Batu had in Hungary, he withdrew, leaving only 10,000 troops to hold 
the empire's Mediterranean frontter 


Outuz, the Mamluk sultan, was determined to drive the Mongols away 


and even invited the crusaders to join him in the campaign, The Chre- 
tians spurmed him but allowed the Mamluks to pass through their terri- 
tory to attack the Mongol force 

At Ain Jalut in Galilee, where David is said to have killed Goliath, the 


Mongols were lured into the kind of trap they hacd-so often sprung, Seeing 





the Mamluks retreat, they pursued, only to be surrounded and slaugh- 


tered. By Mongol standards this. was no titanic clash— but it was a defeat. 


Where Gollath hac reached his limit, the Mongols reached theirs. 
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In Xanadu did Kubla Ahan 
A stately pleasure-tome decree: 
Where Aliph, the sacred river, ran 
Through caverns measureless fo man... . 
SS AMLEL TATLOR COLERIDGE, “KULMLA KHAN 


‘URLAL, then 44 -vears old, was leading an army on the banks 
of the Yangtze in Song territory when a rider brought news 
of Mongke's death. He soon heard, too, that his youngest 
brother, Arigh Boke, was maneuvering in Karakorum to 
hecome the new khagan, Kublai broke off the fight with 

the Song but instead! of returning to Karakorum, where be believed his 

brother would take him prisoner, he withdrew to northern China 

When the Mongols captured this realm from the Jin, Kublai, asa 
grancson of Genghis, had been granted a share of the spoils: huge fief- 
doms of land.and peasants. He spent much of his life in China, surroundl- 
ed by Confucian advisers and attending to the welfare of his peasants. 

He even built acapttal there, complete with a dazzling palace. It stood 

in what today is China's Inner Mongolia Autonomous Region and was 

called Shongdu—the “Xanadu” of Coleridge's poem 
In Karakorum, Arigh Boke ne doubt bore dewn on Kublai’s attach- 

rent to China—evidence that Kublai had forsaken his roots—as he cam- 
paigned to become khagan, But Kublai moved faster, proclaiming himeell 
kKhagan at Shangdu in May 1260. Only a month later (perhaps: after 
receiving news of Kublai’s preemptive strike), Arigh Boke proclaimed 

himself khagan at Karakorum, Kublai set out for Mongolia, fought a 

series Of battles with Angh Boke, and won his submission in 1264. Kubla 

soared his brother but executed ten of his advisers. 
Kublay claimed to rule all the lands where Mongols hele sway. from 

Korea to Iraq and Russia. But in fact the empire had splintered. While 

Kublai attacked Arizh Boke, another clash hac erupted in the west 
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Hulagu, lord of the Iikhanate, and Berke, who had followed his brother 
Batu as ruler of the Golden Horde, warred over possession of the fine 
grasslands of Azerbaijan. Absorbed in their own affairs, the western 
chieftains paid only nominal homage to far-off Kublai. And soon their 





kin who ruled in Central Asia began to act independently as well 

The every-prince-for-himself greed of (rénghis's sons and grandsons 
had already been exposed in the succession struggles; personal power and 
wealth were more important to them than any notion of greater Mongolia. 
Genghis, who bad spent two decades unifying the Mongol tribes, must 
have screamed curses on his progeny from the grove. 


OR HIS PART Kublai concentrated on developing China. Following 

the tradition of his adopted land, be proclaimed himself founder of 

a Chinese dynasty, which he named Yuan—"“origin” or “primal.” 

Ever the builder, he began in 1267 to raise a new capital. The site 

he chose was more centrally located than Shangdu. He called it 
Daidu—“ great capital.” We know it todmy as Beijing: 

“Wo Kublai, no Beijing” was the history lesson offered to me by Chen 
Gachua, a scholar specializing in the Yuan dynasty, as we ate lunch ina 
Being restaurant. (Chen pointed out that although Several earlier dynas- 
ties had ruled from the plain where Betjing stands, KRublai’s city was 
much larger, enclosed by a-wall 18 miles around. And after his short-lived 
Yuan dynasty was overthrown by the Ming dynasty in 1368, succeeding 
dynasties kept Beijing as the capital. (hen reached with his chopsticks for 
another slice of Peking duck and added, witha touch of hyperbole, “We 
are dining in this restaurant thanks to Kublai.” 

The Yuan dynasty wall encompassed what is now the beart of Beijing, 
crowded with shops and office and apartment towers. Within Kublai’s 
city, too, is historic Tiananmen Square, where Mao Zedong proclaimed 
the establishment of the People's Republic of China in 1949—and where, 
in 1989, a pro-democracy demonstration was crushed by tanks 





The Greal Ars 


poocaner pial frat brn anger 
nitse called ! kamikaze, 
or divime tout. Along 
with 4,00) ships, Kutiai 
lost al lace! TOO 00 
mien, Doll al sea and on 
shore. [et the seven years 
Deliver! ESTs 
Japan’s warriors —seen 


attacking a Mongol 





pessel— had iearned fo 
fight, like the Mongols, 


m0 enh 


MVSTUM OF IMP CREAL COLLECTION, 
AN CHOTA, The 


31 


usually got up early in Beijme and took a walk. I passed old women 
sweeping the allevs with bundles of twigs and Saw sidewalk eateries 
springing to life, the coal smoke tt minghne with the aroma of 
steamed buns. Not far from my hotel stretched the high wall of the For 
bidden City, the Ming stronghold. A little beyond that was Beihai Park, 
where couples paddled mn rented boats on a placid lake 

Kublai knew that lake; it was on the grounds of his palace — 
est palace that ever was, Marco Polo wrote, with a banquet hall for 
6,000. There were quarters foreach of Rublai’s four wives as well as for 
many concubmes. Kublai, Polo clanmed, fathered 22 sons by his 
wives. (There was no tally of daughters.) 

some Western historians have questioned whether Marco Polo ever 
traveled to China, suggesting that he based his descriptions on other 
Hut Chinese historians find in his text obscure names and 
facts that ancient Chinese records corroborate. To Daidu, Polo said, 
“are brought articles of greater cost anc rarity, and in greater abun- 
dance... than to any other city in the world.” From Indin came 5 
and pearis, and “no day in the. passes that there do not enter the city 
1,000 cart-loads of silk” from China’ S DrOVINCeSs, 

While encouraging trade, Chinese historians declare, Kublat also 
the lot of farmers, “Before Kublai, the 
Mongols thought of farmers as useless people,” says Chen Gaohua. “But 
jai appreciated them. He knew how to rule a farming country." He 
created an agriculture ministry that distributed seeds and animais. Farm 
ers Were encouraged to band together in communes 

Kublal would surely have admired the slight man, wearing a blue Mans 
jacket, whom | met in the village of Doudian near Hetjine. 
longuime leader, Ahang “Aheniiang has revolutionized his village. | saw 
luxuriant fields of cabbage, emerald carpets of sprouting wheat, anc a 
river ol golden com Spread out to dry on aroadside, All pointed to the 
benefits of good leacership and the use of tractors, fertilizers, and im 
proved seeds. “Fifteen vears aio it took 1,200 people to grow our food,” 
Zhang said, “Today we need only 60." Villagers who once worked the 
land now have factory jobs, some chotning for export, 
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HOUGH ERUBLA! usually heeded the humane tenets of his Con- 
fucian advisers, he ignored them when they urged pacifism. 
He knew that in the eyes of both Mongols and Chinese his 
prestige would be measured in large part by the wealth ane 
territory he added to his realm 

target wes the fertie Southern Song empire. Posses 
sian of the Song lands had long been a Mongol goal, and many Chinese 
themselves hoped that the south could be reunited with the north. (They 
in Oy.) As earky as 
fkhagan, Kublai hac sent an emis- 


[he most tempting 


hynaety 


collapse of the Tang dyna: 
260, the year he price la uimed hinweclf 
sary to woo the Song rulers in their capital, Hangzhou. He hoped the rol 
ers would become his vassals. Instead, his emissary was taken captive 
skirmishes erupted, then full-scale battles. Kublars 
two key cities, Alangyang and Fancheng, for nearly five y 
site banks of the Han River in what 6 now Hubei Province, they guarded 
[be large Song navy supplied the 
Hesieeed cithes as ‘alec! the rivers ancl the seacoast. To confront these 
fleets, the Hed a navy of their own, Many of Kublai’s snail 
ors and some of his commanders were Chinese, and Chinese and Korean 
built his ships. One of Kubla’s nephews, who ruled the [khanate, 
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Fancheng, heavily damaged by these machines, fell in 1273, and its sis- : 
ter city, Migngvang, surrendered. Kublai now put the army under the | tg 
as " I 1 : 1 ire r ti ria Ph ei Lite 

command of a Turk named Bavan, who had served the Mongols tn the 
miand of fama. Kublai’. 


Mire East campaign. Bayan fought relentlessly toward Hangzhou, cap- 


turing itin 1276, Three vears Inter the last Song holdouts were defeated catrunvitle fared tens cell 
Kublai had reunited China. He ordered the army to treat the people | ! 
Line i tron Oy Tar 
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gentivy, meaning to win then over, oot wipe them out 
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NGZHOU 1 the southern terminus of the Grand (anal, an ‘cee : 

, _ . P Me [booed PP ie 0 See Pe 
artery that, al my first glance, dicin t seem deserving of the 
name, The water was the color of Pa Soup, and tie canal Ped COPPERAS: PV ERPE 


was clotted with small boats from which laundry flapped Kublaf's death in Pod 


like pennants. Their cargoes were basic: cement, sand, rolls . . 
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ot steel wire. | watched men unloading barges filled with bricks, carrving | 
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mhis homeland, Gen- 
ghis Khan inspires rev 
erence al his mentorial 
im northerst Mongolia. 
Condemned asan im- 
perialist by the Soviets — 
whose own imipertal ism 
controlled Mongolitn 
politics for 70 years— 
Cornghis: conn fron at 
fre wvien conquest still 
earned grudging respect, 
Free nou fo uerite their 
oun history, Mongo- 
lions resurrect the long- 
suppressed CompuETOor 
ond hail hin as a great 
unifier — the father of 
their mation, and a spirit 
wutting to by reborn. 


To fern more about the 
Mongol enrprre, lagon 
to National Geograpitic 
Online (hlipsipum. 
rational genyrapyic. cor 
onthe World Wide Wer 
or GO NATIONAL 
GEOGRAPHIC on 
CompuSerce). 
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Begun centuries before Kublai’s time, the canal was a grand endeavor. 
Dug by hand and gradually extended until it stretched more than a thou- 
sand miles, it was one of China's great construction projects. China's 
major rivers flow from west to east, so an interior north-south waterway 
meant that merchants could avoid sending their cargors on the high seas, 
where pirates were always a threat. 

The Grand Canal was inaccessible from Daicdu, a problem Kublai 
solved by putting three million laborers to work. Extended 135 miles, the 
canal ensured a supply of rice for the north, where—cespite Kubinl’s 
encouragement of agriculture—famine was a certainty if crops failed. 

Even with the completion of the canal, Kublai's final years were filled 
with frustration. Still intent on expanding his rule, in 1281 he sent an 
armada of 4,400 ships and nearly 150,000 troops against Japan. Unable 
to make headway on Kyushu, the Mongols reboarded their vessels and 
attacked a smaller island, Takashima. But before they had gained mare 
than a foothold, atyphoon roared in, sinking nearly all of Kublai’s fleet. 
In all, two-thirds of his troops perished, the worst loss in Mongal history. 

In 1292 Kublai tried to reach even farther—to Java, 2,000 miles south 
of China. He had sent an emissary to demand tribute from Java's king. 
Instead, the offended monarch branded the emissary’s face. Kublai dis- 
patched 1,000 ships and 20,000 troops, But the army was ambushed and 
withdrew after losing 3,000 men. 


(HESE HUMILIATIONS ate away at Mongol prestige, just as the 
cost of them depleted Kublai’s treasury, Nevertheless when 
Kublai died, in 1294 at the age of 79, he bequeathed a unified 
China that hac known the benefits of benevolent leadership. 
Morris Rossabi, whose bingraphy of Kublai is the definitive 
work, says, “Kublai was like other Mongol rulers in that he was a con- 
queror. But he also was able to govern, and he governed very astuteiy." 

The usual succession disputes plagued Kublai's descendants in the 
weakening Yuan dynasty, Weary of burdensome taxes, inept rule, and 
corruption, Chinese commoners overthrew the Yuan lords in 1368, com- 
pelling them te return to Mongolia. 

In Baghdad the Mongol Ikbanate dic not survive even that long; the 
last of Hulagu's line died in 1335. [In Central Asia a Turkic lord, Timur, 
or Tamerlane, forged a new empire with his-capital at Samarkand, The 
last remnant of the withered Golden Horde was overrun by a Turkic 
khan in 1502. 

The Ming rulers who forced the Mongols out of China immediately 
began building fortifications to prevent them from returning, Walls to bar 
invaders had existed] im China for centuries, but none was so formidable 
as the one the Ming eventually constructed. Harnessing the labor of mil- 
lions, they built and built, for 200 vears. 

Forty miles north of Beijing, | walkedon the parapet on @ frigid day, 
the wind clutching at my throat-as | traced the 2,500-mile-long wall's tra- 
jectory across the distant mountains. In every lookout tower, in every 
howman's notch, fear is palpable: the fear that the Mongols struck in all 
who defended against their thundering horsemen. 

Though at times the Mongols were constructive, uniting Mongolia, 
uniting China, and building Beijing, and though they were audacious and 
brave, their record is overwhelmingly one of greed and cruelty, of cities 
devastated —Samarkand, Herat, Baghdad—and nations subjugated. The 
treat Wall, as formidable in its way as the people it was built to keep out, 
is the Mongols” epitaph in stone. oO 
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Heralding a new era of cooperation, the United 





States and Russia are making data from their Cold 


War intelligence archives available to science. 


commands of the United States and the Soviet Union spent bil- 
lions of dollars to collect information about the Arctic Octan— 
everything from the properties of seawater and the topography 
of the seafloor to the seasonal patterns of sea ice 

Taken asa whole, this treasure trove might vield answers to profound 
questions about the Arctic and its relationship to the ecosystem of our 
planet. And vet, for national! security reasons, the information was held 
strictly off-limits to environmental scientists around the world. 





In the spirit of the new openness that followed the end of the Cold War, 
[ became determined to do all that I could to help unlock access to bene- 
ficial knowledge, inclucing the Arctic data. After I conferred with the 
national security community in Washington and with my counterpart and 
valued colleague, Prime Minister Viktor Chernomyrdin, in Moscow, both 
countries agreed to make much of the Arctic information available for use 
in peaceful scientific research. 

Lam proud to announce in these pages that we have taken & major step 
towurd that goal. The first volume of the jomt U.S.-Russian Arctic Ocean 
Atlas in CD-ROM format is hereby released to the world’s scientific com 
munity, And we offer in the following articie a representative selection 
from the CD-ROM. 

With this atlas same of schence’s most sought-after data about our envi- 
ronment has literally “come in from the cold.” Vet this historic achieve- 
ment is about more than the mysteries of the Arctic. It is also a lesson 
bout the possibilities for progress that unfold when Americans and Rus- 
dians join as partners in the peaceful service of our planet. Though we do 
not yet know precisely what truths the once forbidden information will 
reveal about the Arctic and our world, we do know that a great portal of 
knowlecdee has swung open and that we are passing through it as explor 
ers torether 





— AL 


Le ior Presaternt of the toned Snates 


GOORE 





OR NEARLY HALF A CENTURY the intelligence agencies and military 


n 


AUGUST 1961 
Flying the Soviet flag, 
the nuclear icebreaker 
Lenin (foreground) 
plows north, trailed 
by the icebreaker 
Yermak, Borne by 
such vessels and by 
aircraft, the Soviets 
probed the Arctic 
Ocean for decades, 
seeking military 
advantage in the Cold 
War and amassing 
vast stores of environ- 
mental data. Informa- 
tion derived from this 
archive is now being 
made public, along 
with rare photographs 
of the Russian scien- 
tists at work. 
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Ww oOAN TCE FLOR 265 nautical tmbes 
north of Greenland, 


m parkas were doing their 


a chogen large 
men 
best to keep their sense of humor. 
= They'd been standing around foran 
hour, which wouldn thave been so bad except 
for the 





wind, which was now gusting to 20 or 
and the windchill, which was down 
round &0 below. It was a clear morning in 
AEE, 


, the month of perpetual daybreak in the 
4 1 i 
hich Arctic, when the sun hanes low 


in the sky 
like a frogen fruit, beautiful to look at but nat 
much good 

43 the men milled about to stay warm, they 
glanced anxiously ata 15-footX% carved 
Hat snow nearby. Where the snow was cleared 
ould see a laver of thin white ice 
uncerneath—all that separoted them from the 
ifter look- 
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In private talks, Vice President Al Gore and Russian Prime Minister Viktor 
Chernomyrdin forged the political alliance that led to the exchange. “We built a relationship of 
trust,” says Gore. “We each had to be sure that our national security would not be compromised,” 


suddenly tie A erupted with a colossal sub 
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mountain of ice and snow, Chunks of ice tum- 
al reveal a block of metal rising 
from the sea —thecdark grayconning tower ofa 
nuclear submarine 
the hatch was 


bled away ti 


Billows of steam poured 
Out as opened. Sailors in shirt 
sleeves materializect in the mist 
“ Lorningg: called out to the men on the 
tloe our service! 
Ad beast one observer WHS cee ply 


by the U.S.5. Pargo's 


_ 
“iL. WELW, aed 
impressed 
ran Loic ArT ELI ta 
cee that sub crash through the ice was abso- 
AMAZING, Vice President Al 
one of the men in parkas that day. “It 
was like the meeting of two worlds.” 

Bringing tw the world of 
environmental = ind the world of 


nationa would eventually produce 
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worlds together 
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the joint United States-Riussian 0 eanograph 
atlas that Vice Presi ; 
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lent Gore Annownces in 
hut inthe spring of 1991, 
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MAY 1937 Arctic pioneers, members of the U_S.5.R.'s first scientific expedition to the North 
Pole, SP-1, lived for nine months on a drifting ice flow. Led by Ivan Papanin |second from right}, the 
voyage proved that men on a drift station could collect mountains of data—and live to tell about it. 


collesumues flew to the Arctic and boarded the polar ice from below, Gore was keenly Habe 
roared, all this Was just one crazy idea ested in how data collected irom these devi 

\ longtime environ railates Gore had might be wsed to study global chmate aes te 
studied national security issues while serying Ji the carth is warming, the theory foes, then 
on congressional intelligence and armed ser- the ice cube at the top of the world should be 
vices committees. Along the way he became getting thinner. 

wi 

collected secretly by the U.S. intelligence com- ‘Interest in polar tce had mothing to do with 
munity and the military that could also be global warming. During the Cold War both 
applied to solving environmental cilemmas U.S, and Soviet strategists had regarded the 


aware of the vast quantities of scientific data Historically, of course, the U.S. Navy's 


rain forest decline, global warming, ocean pol- retic as a potential stazime area for World 
lution, desertification, Once convinced that Wart], which would probably have featured 
sensitive material related to national secunty Soviel Typhoon-class submarines punching 
could be digitally excised from these data, wp thrown the ice to fire ballistic missiles ‘at 


(ore was determined to see much of the rest  tarrtets on land, and U.S. subs tracking then 





made available to science movements. Knowing how to find thin ice 
This is what propelled him to the Arctic in ‘would be a strategic advantage in such a war 
1991 and placed him aboard the Purge, which, So would Enowing all vou coul li about the 
after taking on its civilian passengers, sank Arctic Ocean's weather—as well as its bottom 
back unier the ice and sei a course for the topography, currents, and enaberattive and 
North Pole salimity, all of which affect acoustics. 
One of Porge’s tasks was:to test an array of The polar tce also provides ideal cover 


Instruments desiened to gaurce the thicknessof for prowling submarines, which could avoid 
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AUGUST 1966 Numbing cold and a coat of ice were all part of the job 
for sailors aboard the Moskva, a Soviet jcebreaker plying Arctic waters 
for military, scientific, and commercial purposes, With some 3,000 miles 
of coastline on the Arctic Ocean —and its submarine fleet, based in 





Murmansk, poised to wage nuclear war from under polar ice—the Soviet 
Union paid close attention to the icy waters on its doorstep. On the front 
lines: scientists from the Arctic and Antarctic Research Institute (AAR) in 
Leningrad, who fanned out to study the Arctic Ocean from top to bottom. 





detection by manéuvering among the lobes 
and caverns on the ice’s underside, where 
eanar is scattered and absorbed, making it 
much less effective. 

After Purge reached 90° north, the com- 
mander brought the sub te the surface as he 
hac earlier, ramming up through thin ice. 
Gore climbed out anc pot his first look at the 
North Pole. “It was very bight—and the eeri- 
ness of the landscape was striking," he recalls. 
“Clouds of ice crystals were being blown back 
and forth by the wind, and I'll never forget 
how the ice sparkled in the air. [t was a stun- 
ning experience.” 


BOME soo MILES SovrTnH of where Gore 
stood, a group of tired Russian scientists 


had, just days earlier, been weighing 
their chances of staying dry afew more hours. 
Riding a huge ice floe, Viadimir Sokolov had 
his doubts. “Pools of standing water.” he 
recalls, “cracks in the ice. That sinking frel- 
ing.” Evidence, in-other words, thal the ice 
platform was finally, after three and a half 
years of faithful service to the Soviet Union, 
breaking apart, softened by the spring thaw 
and crushed by the surrounding ice. 

Since October 1987 dozens of scientists had 
lived and worked on this cake of ice, metic- 
ulousiy collecting oceanographic readings, 
weather observations, anc ice data as the floe 
madea slow tour of the Arctic Ocean, pushed 
by winds and currents. 

By April 1990, when Sokolov arrived by air 
to take command, the floe had turned south 
into the Canada Basin and stalled out. A few 
days later the drift station ran into what Soko- 
lov calls an ice “meat grinder," a pressure sys- 
tem that grinds the ice floc to pieces.as It rotates 
helplessly, held fast. on all sides by thicker ice. 
“This is when the trouble started,” Sokolov 
says— When the ice started to crack, when sup- 
ply planes couldn't lnnd without falling into 
a crevice, when his scientists were intermil- 
tently forced to stop taking measurements and 
start moving buildings from piace to place in 
search of stable ice. 

This went on fora year. Then things deteri- 
orated further, although Sokolov'’s crew con- 
tinued to collect data until the bitter end. Thev 
wert finally evacuated by an Antonov cargo 
plane in April 1991. Dramatc endings were 
not at all unusual for drift stations in Arctic 
waters: In fact, Sokolov’s expedition, known 
as SP-30 for Severnvy Polyes (North Pole}, 
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Storm-swept and locked in ice, Mie Arct 
Ocean defied scientists long after o 4 
were being explored. Even the constant 
movement of Arctic ice went unex: + 
until 1893, when Norwegian explorer Fridtjof 
Nansen drove his research vessel, tive Falk 
inte the ice pack and allowed it to freeze, — 
Driven by wind and currents, the icebound 
Fram drifted same 2,200 miles in three years, 

Taking a cue from Nansen, the U.S_S.A. in 
1937 mounted the first of 31 drift stations — 
vanguard of a program for scientific and mili- 
tory research that grew to include more than 
a hundred polar stations, a dozen ships, and 
vast airborne surveys. Most activity ceased 
with the collapse of the U.S.S.R. in 1991. 

During the Cold War, Western nations tried 
to keep pace with ice stations of their own, 
along with automated buoys and a massive 
reconnaissance effort from submarines, air- 
craft, and satellites. Inset maps (right} show 
the relative concentrations of observation 
points since World War Il, 
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WAITED STATES, CANADEAN, AND WESTERN ELROPEAN RUSSIAN SAMPLING RITES (res (S43) 
SAMPLING SITES (ima. rien) 


wes judged arousing success, a5 was another 
ice station, SP-31, drifting near the Alaska 
coast that spring. No one knew it at the hme, 
but SP-3 1) would be the last Soviet cinft station 
in hastory 


oR DECADES the Soviets hac beer tirefess 
in their pursuit of knowledge about the 
Arctic. Part of the reason was military, 
of course: Sokolov's oceanographic data, hke 
that from all drift stations, were considered 
wital for the fleat of Soviet submarines operat- 
ingin Arctic waters from Murmansk and other 
ports. But the Sovicts also had important eco- 
nomic and scientific reasons to be up there. 
some 400) ships a vear plied the Northern Sea 
Route-along Russia's 3.000-mile Arctic coast 
Navigators needed to know exactly where the 
ice was and its condition; scientists sought to 
understand it: structure and movement 
Besides launching one or two dit stations a 
vear, the Soviets few bunctreds of missions lo 
various parts of the Arctic, usually landing on 
skis, then collecting data on the ice or boring 
through it to sample the ocean 
These activities were run from the Arctic 
ant) Antarctic Research Institute (AART) in 
Leningrad (now St. Petersburg), a bustling 
research center and staging aren where patri- 
otiam. ran high and money was no object. 
“Those were the deys when no one asked, 
‘How much will it cost?’ remembers Leo 
Timokhov, a senior scientist at AARI and a 
man who has flown hundreds of sorties to the 
polar ice, “They would just say, De it!’ ” 
This era had begun 54 years earlier, when 
the Soviet Union had organized t6s very first 
drift station, Launched on May 21, 1937, near 
the North Pole, SP-1 was manned by a radio 
operator, hydrologist, magnetician, and the 
group sleader, around, jovial member of the 
Soviet secret police named Ivan Papanin 
Outfitted tn fur and housed in canvas tent 
instilated with eilerdown, the four men 
trooped daily to the tents and wooden sheds 
where they conducted their research. They 
routinely lowered a cable to gauge the depth of 
the ocean and sampled sediment from its bot- 
tom. They also recorded water temperature 
at Various depths, logged gravitational and 
magnetic readings, measured snow depth, 
analyzed the ice, and stucied the weather 
As was the Russian practice, every observa- 
ton was recorded twice—once in the hasty, 
semifrozen scrawl of the field notebook, and a 
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‘ JUNE 1987 

Along the ice's south- 
arn rim, melt pools 
develop as ice recedes 
during the summer, 
allowing navigation 
to resume on Russia's 
Northern Sea Route. 
Lifeline of the Russian 
Aretic, this 3,500-mile 
shipping corridor 
hugs the coast from 
Murmansk to the 
Bering Strait. 





AUGUST 1966 
Left owt in the cold 
after leaving the fac- 
tory, a truck from a 
Gorki auto plant is 
hoisted off a cargo 
ship at Povek, a port 
on the Northern Sea 
Route, As they have 
done since AARI's 
founding in 1920, sci- 
entists still monitor 
ice conditions for 
shipping, along with 
other aspects of the 
Arctic Ocean. 
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OCTOBER 1961 
Blasting apart mas- 
sive blocks of ice with 
explosives — and 
smoothing things 
over with bulldoz: 
ers — engineers on a 
drift station typically 
built a runway first 
so that supply planes 
eould land. Next they 
set up living quarters, 
mounted on sledges 
for mobility, Finally, 
they would assemble 
scientific equipment. 
like the stationary 
weather monitor 
(above) designed to 
transmit readings to 
AARI headquarters. 
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second time arotind the stove at night in the 
precise pencil notation that would make wp the 
offictal record of the expedition. These paper 
notebooks would be stored at AA RIT and mace 
avilable not only to the military but also to 

All went well during the summer and fall as 
the floe clrifted south in a lary zigzag pattern, 
driven by currents and prevailing winds. But 
bey December their ice lance! had entered! the 
Fram Strait east of Grreenland and begun 
moving rapidly south, pelted by storms. anc 
chewed at by turbulent, ice-covered seas, 

By February the four were up to their ankles 
In seawaler, Arriving in the nick of time, a 
Soviet itebreaker plucked them from the ice 
—a rescue that caused @ national sensation 
Papanin and his mates were mire Heroes ol the 
Soviet Union and given a tumultuous ticker- 
tape parade through the streets of Moscow 

Wo such festivities awaited the drifters of 
SP-40 on their return to the motherland in 
April 199). The mood in Moscow, tideed in 
the whole US /S.R., was a dark mixture of 
fatalism, anger, and fear, By December the 
Union of Sovict (Continued on pope 32) 
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Putting the Arctic data to work 


Continental 
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The best model yet of Arctic picture of how heat is exchanged 
Ocean temperature appears on between surface waters and the 
the oceanographic CD-ROMina deep ocean and how warm and 
cross section (above) combin- cold currents (below) affect 

ing W.S. and Russian data. Rap- global climate. 

resenting @ transect of Arctic “That's the great thing about 
waters (red line, at left), the this CD-ROM,” says NOAA 

cross section shows an area of Administrator BD, James Baker. 


vertical mixing inthe Greenland “it features a continuous set 
gyre (A), where warmer surface of measurements over time.” 
water is pulled in and cooled, 


forming a mass of deep Oenan circulation 
ocean water. This column ee 
of cold water was pre- Pe Poo in 
viously Known to America + Upeeniling 
Western science — ‘ : 


but the Russians 


had been observ- . a .™ crcl = 
ing it methecdi- (OCEAN 


cally since the i) a ee 
1930s, Their data 

confirm that this | 

is a long-term, fMuc- “Met ‘ 
tuating phenome- a) 
non. The data also 
are helping scientists 
draw 4 more accurate 


Aastra 


Antarctica 














JUNE 1974 
Probing under the 
ice, oceanographer 
Gennady Kadachigov 


moaves among forma- 


tions typical of the 
Aretic Ocean. As very 
cold, danse brine 
seeps down from the 
ice, the surrounding 
seawater is cooled 





and freazes to form 
these stalactites, This 
bizarre icescape had 
strategic value dur- 
ing the Cold War: 
Because sonar is of 
limited use in such 
conditions, both U.S. 
and Soviet subma- 
rines could generally 
avoid detection, 


APRIL 1955 
Rolling out the bull- 
dozers —essential 
equipment for any 
drift station —Soviet 
scientists unload 
cargo from a4 supply 
plane. After a hiatus in 
World War Il, the Sovi- 
ets swarmed over the 
Arctic during the Cold 
War, launching hun- 
dreds of missions be- 
tween 1950 and 1991 


JANUARY 1989 
Making snowballs for 
sclence, ice physicist 
Victor Morosov of 
AAR! uses an ice press 
to study the snow on 
drift station SP-28, as 
colleaques usea drill 
to test ioe thickness. 
Although the first 
CD-ROM atlas from 
the Gore-Chernomyr- 
din Commission is 
composed of oceano- 
graphic data, a sub- 
sequent atias will 
contain ice data from 
drift stations and spy 
satellites. 


Socialist Republics would be history, The 
world, in short, was spinning like an ice floe 
caught in a meat grinder. 







FEISTY, FORTYISH WOMAN named 
Linda Zall was the person assigned to 
handle the letter that arrived at CEA 
headquarters in May 1960 from Senator Al 
Gore of Tennessee. Today, almost seven years 
later, shé can still recite passages from it, like 
the last sentence on page one. “Gore wanted 
to know,” she says, “if we had data related to 
‘sea surface temperature, sea ice type and 
motion, sea level data, ocean carbon dioxide, 
ocean chlorophyll, circulation patterns... . 
trace species, cloud amounts, types and 
heights, precipitation, tropical winds, etc.’ 

“My first reaction when I read that sentence 
was, ‘Why me, Ged?" “she says, “It was the 
‘etc.’ that really worried me.” 

After the shock wore off, Zall set to work 
dissecting the letter “sentence by sentence, 
word by word” to see what complying with 
Gore’s request might entail. The more she 
learned about the environmental data the CIA 
had in its “black,” or secret, files; the more 
merit she saw in Gore's idea of releasing them. 
“But never ina million years,” she says, “did 
I believe the agency would sign off on it.” 

Even with its old adversary faltering, the 
CIA was still a prochuct of its long struggle 
against the U.5.5.R. “Remember,” says Zall, 
“1990 wasn't like now, where we're sort of 
hugsy-kissy with the Russians. Most of the ald 
guys at the CLA and in the Navy had spent 
their whole careers fighting the evil empire. 
The last thing they wanted was to open the 
black door, even a tiny crack.” 

Gore didn’t know it yet, but in Zall he'd 
found someone at the CIA as relentless as he 
was. Early on she'd won permission to go out- 
side the agency and meet privately with scien- 
tists to learn how intelligence data might apply 
to their work. Zall pursued dozens of the top 
scientists in their fields—figures such as 
oteanographer Walter Munk, geophysicist 
Gordon MacDonald, planetary physicist 
Michael McElroy, and polar climatologist 
Norbert Untersteiner of the University of 
Washington—all of whom donated their ime 
wand effort to studying Gore's request, 

Then, in November 1991, Robert Gates 
became the director of the CLA. Gates, a long- 
time analyst, realized that the agency needed 
to redefine its mission in the post-Cold War 
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world. A few weeks into his job Gates received 
a letter from Al Gore asking him to grant high- 
level security Cleprances to the scientists Zall 
had recruited, allowing them tostudy the most 
sensitive material in the files at the CLA and 
the Department of Defense. 

Seeing an opportunity to make the CIA more 
“renaissance,” Gates agreed. That summer 
Zall went into overdrive and got her group of 
60 of So sciontists top-secret clearances im 
record time. Their background checks went 
amooathly, although Zall nearly keeled over 
when she heard what Untersteiner, a high- 
spirited Austrian who'd been of draft age in 
1944, answered when asked: “Have you ever 
been a member of an organization dedicated to 
the overthrow of the United States?" 

“Yes,” he wrote on the questionnaire, "the 
serman army.” 

Ina moment of pique Zall named ber group 
of headstrong scientists Medea, after the char- 
acter in Greek mythology who ditin't let any- 
thing—even her children—stand in her way. 


the United States in January 1993. By 

then the Medea team had hit its stride, 
sifting through the billions of dollars’ worth of 
classified material gathered by U.S. satellites, 
aircraft, ships, submarines, buoys, and other 
devices. This was a bonanza beyond imagin- 
ing for earth scientists, and Medea’s work— 
shepherded by Linda #all—would ultimately 
lead to the release of military historical data, 
including spy satellite images, and a partial 
redeployment of the nation’s satellites to help 
moniter the environment. 

In April 1993 U.S. President Bill Clinton 
and Russian President Boris Yeltsin put Gore 
and Prime Minister Viktor Chernomyrdin in 
charge of a joint U.5.-Russian commission to 
foster initiatives for the good of both nations. 
Six months later Gore quictly raised the idea of 
sharing material from the intelligence archives 
of both nations for the good of the global envi- 
ronment. Chernomyrdin was receplive, says 
Gore, but “properly apprehensive” that Rus- 
sia"s national security not be compromised, 

Months of painstaking negotiation fol- 
lowed, as the two sides grappled with the fine 
points of how to share national security infor- 
mation. “We had to figure out how to give wp 
the milk withoul giving away the cows,” says 
Victor Danilov-Danilian, Russia’s Minister of 
the Environment. 


G WAS INAUGURATED Vice President of 


National Geographic, February 1907 
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FEBRUARY 1989 How to bathe on a block of floating ice? Russian scientists, like these on drift 
station SP-30, baked in a makeshift sauna, then dashed outside and rubbed their bodies with 
snow. Adrift for months at a time, Western and Russian ice camps were hotbeds of improvisation. 


The two nations forged an Environmental 
Working Group, beaded by Danilov-Danilian 
and NOAA Administrator D, James Raker of 
the United States, and the milk began to flow, 
The working group's initiatives range from 
analyzing environmental degradation at mili- 
tary facilities in both countries, to precicting 
earthquakes and other natural disasters, to 
assessing the impact of oil and gas develop- 
ment in permatrost regions, 

The mast dramatic progress 60 far has been 
in Arctic Ocean research, where shared data 
has led to a series of CD-KOM atlases. The 
first of these, released this month, is the most 
comprehensive collection of Arctic oceano- 
graphic data ever produced, About 70 percent 
of the data is derived from the Russian archive 
at AARI in St. Petersburg, while the rest 
comes from previously restricted international 
studies, the 0.5. Navy, and the National 
Oceanic and Atmospheric Administration 
(NOAA) The Russian contribution, which 
consists of some 1.4 million winter observa- 
tions, represents cecades of toil by scientists 


An Arctic Breakinrough 


on both the airborne surveys and the drift sta- 
tions —material drawn from 960,000 pages of 
documents that took 15 employees more than 
a year to transcribe. Subsequent atlases are 
being prepared on Arctic ice and meteorology, 

Like many Russian scientific institutes, 
AARI is financially strapped. Its headquar- 
ters, including the library where the original 
data-are shelve, ts literally falling apart. Leo 
Timokhov, AARI's lead scientist on the pro- 
ject, says he and others breathed asigh of reliel 
when their notebooks were sofely digitized 
and added to the CD-ROM, “It makes me 
very happy to see our data secure,” says Ti- 
mokhov, glancing at the cracked plaster over 
his bead. “ine never knows when a pipe will 
burst.” He agrees with his colleagues in the 
U.S, that some of the most valuable oceano- 
graphic data in history have just been rescued. 

[t's too early tosav what conclusions science 
will draw from this wealth of new infonna- 
tlon— but scientists, especially those studying 
long-term changes in the global environment, 
are eager to get their hands on it, 
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‘71950 
Among the dangers 
of life on the ice: polar 
bears, like the pair 
that were shot after 
menacing this drift 
station. The Soviets 
kept dogs to warn of a 
bear's approach. Most 
other hazards were 
related to weather 
Aman could survive 
blizzards and frost- 
bite, only to fall 
through ice weakened 
by Storms or warm 
weather 











DECENIBER 1972 
Working the night 
shiftt— which lasts all 
winter—the crew of a 
weather station race 
through a blizzard 
to their barracks. A 
typical January entry 
in the ciary of wan 
Papaninon SP-1: “The 
snowstorm rages 
unabated we felt 
our ice floe quake 
again... hearts begin 
to palpitate. Our run- 
down condition is tell- 


Ing on us.” 








JANUARY 1958 
To fend off the effects 
of winter, a doctor 
gives light therapy to 
a worker overcome by 
life in total darkness 
As a rule, workers 
were evacuated after 
one winter— although 
some, like oceanolo- 


gist Leo Tirmokhoy, 
relished Arctic night: 
“On the ice you're 
close to the cosmos - 
as if you are sediment 
on the bottom of a 
tranquil black sea." 


JANUARY 1955 
Ringing in the new, 
scientists at this drift 
station put up 8 tradi 
tional Russian New 
Year's tree and 
toasted their late pre- 
mier, Joseph Stalin, 
who had died in 1953 
Social gatherings 
were considered cru- 
clal to the success of 
a Soviet drift station 
“Wie ate every single 
meal together,” says 
one schentist. “It was 
a rule.” 























OCTOBER 1961 Scientists take a break 
from building the outpost where they 
would live for a year. “After one drift season 
we were friends for life,” recalls Sergey 
Priamikov of AARI. "We were all init 
together.” Such thoughts today apply to 
nations. And as the Arctic CD-ROM shows, 
both the U.S. and Russia, in preparing fora 
War that might have destroyed the world, 
fashioned tools to help save it. 


“This ts, after all, the record of what's 
happenedin the Arctic Ucean in the second 
halt iil ihe 2 th i entity, ani pee Poe bie ri | hler- 
einer. “Dhrowehout the Cold War the Kus 
cian Arctic was strictly off-limits to scientists 
from the West. This data changes all that 
wow we'll know, for example, if the warm 
Water anomaly 


TO or 1962 of 1950. It will allow ws to paint 


we found in 1993 was there in 
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Victor Danilov-Danilian sees things from a 
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Not plants, but. .. 


For almost 25 years now my hus- 
band, Steve, and | have bean canti- 
vated by the strange beauty and 
amazing diversity of lichens, 
Seven years ago our fascination 
drove us to photegraph as many 
as we could of the 3,600 species in 
the United States and Canada, In 
pursuit of lichens we traveled from 
Alaska to the Florida Keys. We 
climbed trees, scaled cliffs, waded 
through swamps, crawled over 
tundra hummocks and desert 
sands—always hoping to finda 
lichen we hadn't seen before. 

In the windswept valleys of east- 
arn Idaho we found several. Ignar- 
ing the dramatic sagebrush 
country around me, | focused my 
attention on the ground, where 
yellowish almond-size lichens nes- 
tlad amid the gravel (right). These 
were vagrant’ lichens, unat- 
tached and free to be blown about 
like tiny tumbleweeds. 
Collecting on snow- 


A Respapey tree ridges, they 
Peovect provide food for 
SUPPORTED pronghorm during 

lw PART long, harsh winters. In 
By Your the Middle East similar 
SOCHTY drifting vagrants were 


gathered by villagers 

and made into bread: 
the biblical “manne from heaven,” 
some scholars believe, 

Despite plantlike forms, lichens 
are not plants, Often called tiny 
ecosystems, they are actually com- 
pound organisms made up of twa, 
or even three, very different part- 
ners, none of which is a plant. Bi- 
ologists no longer find the concept 
of two great kingdoms— plants 
and animals —adequate for the 
classification of all living things. 
Fungi, bacteria, and simple organ- 
isms like algae now occupy king- 
doms of their own. The dominant 
partner in the lichen symbiosisis a 
fungus, with a colony of algae or 
cyanobacteria — sometimes bath — 
supplying food by photosynthesis 





Separated from its partners, the 
fungus itself would be a shapeless 
glob, In his studies of symbiosis in 
the 1970s, Vernon Ahmedjian 
teased apart Cladonia crista- 
fevia (right) into its fungal and alga! 
components, which he cultured 
and then induced to recombine. 
Ahmadijian, of Clark University in 
Worcester, Massachusetts, was 
one of the first scientists to recom- 
bine lichens. His resynthesized 
lichen even produced the early 
stages of the red spore-bearing 
structures that give this species its 
common name, British soldiers. 


This is the first apoearance in the GEO: 
GRAPHIC of the work of nature photog: 
raphers SYLVIA and STEVE SHARNOFF 


Notional Geographic, February 1097 








Lichens to dye for 


An arsenal of nearly 600 chemicals 
unigue to lichans helps them sur- 
vive In marginal environments and 
ward off allacks by bacteria, other 
hung, and grazing herbivores 
Called lichen substances, these 
pigments, toxins, and antibiotics 
have made lichens very usetul to 
pagole IN OVerse CLITUTES, #508 
cially as a source of dyes and 
madicings 

The warm browns in rugs made 
by members-of the Ramah Navajo 
Weavers 4ssociation come from 


boiling the vagrant lichen 
Aanthoparme/ia chiorochroa, seen 
n.8 basket with a skein of dyed 
wool (left). The lichens once used 
to dye Scottesh Harris Tweed con 
tain substances that gave the fab- 
rican earthy aroma and reputedly 
made it moth repellant. shrubby 
gray lichens, scraped aff Viaditer- 
ranean coastal racks and soaked ti 
aAmmMmonia-rich stale urine, yielded 
some of the famous royal purple 
dyes of antiquity 

The most widely used dye lichen 
among Native Americans was the 
eye-catching wolf lichen Lethana 
vuloinda jabove right). The Chilkat 
Tiingitin Alaska traced coastal 


COmMmModcdities suc 





| as fishooil for 
Wo lichen from the interior to 
color thelr prized dancing blankets, 
still worn by the Chilkat Dancers 

of Haines, Alaska, in their per 
farmances (top}, 


firan Adee; 


Lichens: More 


Eine Zvi 


























Though famed 4s a wolf poison, 
the wolf lichen often found a place 
in the Native American pharma- 
copoeia. The Okanagan-Colville, 
Blackioot, and others made a 
medicinal tea trom itor used il 
externally to treat skin problems 
While scores of lichens have 
served as traditional medicines, 
few can compete with members of 
ihe genus Used (above left) as 
effective healers. used in teas and 
calves in nearly avery part of the 
world. The lichen substance usnic 
acid has been used in some Eura- 
Daan antibiotic creams. 


Designer rocks 


As if painted by a mad hand, a 
slate outcrop is encrusted with 
lichens in the Sierra Nevada foot- 
hills of California (right). In west- 
arn Nevada the Northern Paiute 
name for brightly colorad crustose 
lichens Used as medicines, such as 
Pieopsidium oxytonum (att), 
translates literally as “lizard 
samen, alluding to the push-ups 
that lizards do during courtship 
displays. 

In legends of the Northwest's 
Interior Salish peoples, Coyote's 
long hair became entangled ina 
tree and wes madicaily trans- 
formed into food, hanging fram 
branches in thick clumps. Seen 
here interspersed with larch nee- 
dies (bottom), Brora fremont 
was a delicacy for some tribes end 
distasteful famine food for others. 
some Interior Salish mixed the 
lichen with mud and used it for 
chinking log cabins. Others used 
itas fiber to make clothing. 
Northern flying squirrels build 
nests of it, which serve as cory 
live-in larders, providing winter 
Food. Anthropologist Craig Kirk- 
patrick of the University of Califor- 
nia at Davis recently discovered 
that two other &ryona species are 
the primary food of the eandan- 
gered Yunnan snub-nosed mon- 
key in China. 

One of the most important of 
the so-called reindeer lichens, 
Crna stavfans (canter, among 
Ground-hugging blueberries! ig.a 
favorite food of North American 
caribou and their Eurasian coun: 
terpart, reindeer. When the lichens 
are covered by snow, the animals 
dig craters as deep as three feet to 
reach them, fighting off competr 
tors horning in fora free meal 
Arctic peoples once ate reindeer 
ichens when times were rough, 
boiling them in water. They were 
considerad.a treat, however, when 
consumed, farmantad, fram 
caribou stomachs. 
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Underfoot and overhead 


Forest-floor carpet in British 
Columbia (lett) Inctudes a-soll 
enriching lichen, Pe/tigera 
aphthoase, and star-shaped 
mosses, The lichen contains bright 
green algae and is peppered with 
dark warts holding nitrogen-Tixing 
cyanobacteria. The pale underside 
shows at the edges. Thriving in 
pristine anvironments, his spe 
cies, like many other lichens, is 
fast disappearing in regions of air 
pollution and habitat disturbance. 
Because of their extreme sensi- 
tivity, lichens are useful indicators 
of air quality. In Alaska, Forest Ser- 
vice scientists Chiska Derr and 
Linda Geiser (lower right, fram 
left) compile data on lichen spe- 
cles in Tongass National Forest. 
which will be compared with 
future inventories to see how the 
lichens have fared, Lichens act like 
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sponges, taking up pollutants that 
come their way. By analyzing 
lichens chemically, scientists can 
tell what's in the air 

Blown off treas in the Pacific 


Northwest during winter storms, 
Witoh's hair, Afectoria sarmentosa 
[top right), provides survival Tood 
for black-tatled deer, From the 
gondola of the Wind River Canopy 
Crane in Washington State, 
researchers study lichen growth 
patterns in treetops. Witch's hair 
becomes abundant only after trees 
are about a hundred years old 


Air monitors 


After a winter rain, leafless trees in 
an Oregon farming valiey come 
alive with lichens, including the 
oakmoss lichen, an important 
ingredient in many fine perfumes. 
Virtually dormant when dry, 
lichens become bright, plump, and 
metabolically active when damp. 

Growing only where the air ts 
very clean, Osea longissimna 
inignt and witn others at far right) 
Was called pine gaure in a Ssixth- 
century Chinese herbal and is still 
used in traditional Chinese medi- 
cine. Locally abundant in the 
Pacific Northwest, it has-all but 
disappeared in Europe. 

Pollution isa serious threat to 
lichens even in the remote Arctic, 
and reindeer that rely on them for 
ood are under increasing stress. 
In addition, fallout fram the 
nuclear accident at Chornobyl con- 
taminated lichens and thus rein- 
deer in Scandinavia, where many 
herds had to be destroyed. 

As early as 1859 European 
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scientists recorded that air pollu- 
tion was killing lichens In urban 
and industrial areas. Today Steve 
and | note with growing concearm 
that lichens are nearly absent from 
large areas, because the environ: 
ment can no longer support this 
hardy yet vulnerable monitor of 
the very air we breathe 0 
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DAWN OF HUMANS 


By RICK GORE 


Photographs by KENNETH GARRETT 
Art by RICHARD SCHLECHT 





Few scientific fields stir debate as intensely as does the 
search for human ancestors. Strong emotions and 
deeply heid religious beliefs crash against the physical 
evidence presented by paleoanthropologists. Some 
people clo not accept the findings and interpretations of 
these scientists; rather they place humans on a family 
tree all their own, apart from other forms of life on 
earth, Others agree with the scientists who hold that 
evolution is a fact of life 

Even within the scientific community debates are 
passionate —not about whether the evolution from 
apelike creatures to humans took place but about the 
manner in which the long process occurred. 

This report is one in a series on the dawn of humans 
that examines the most important discoveries from this 
contentious field and the meanings scientists draw 
from them —THE EDITOR 


Leaving tracks in rain-wet volcanic ash, primates crossed Tanzania's 
Laetoli plain 3.6 million years ago. Archaeologist Fiona Marshall and 
prcvect leader Martha Demas discuss their team's efforts to conserve 
thts unique record of our distant kin, who traveled around East Africa 
much as we do: side by side, upright and striding: 














Bone collector 

The Taung child skull is displayed with an 
image of a modern African crowned eagle, 
known to attack prey weighing as much as 
40 pounds. These birds regularly kill pri- 
mates, according to British biologist Steven 
Parry. New analysis of the skull—and the 
anthropologists Lee Berger and Ron Clarke 
to reason that about 2.5 million years ago 
a similar raptor added this hominid skull 

to its refuse heap. 









Fou WANT To EAT what vour 
ancestors ate?” Lee Berger, o 
bespectacled paleoanthropolo- 
mist, 18 driving across the veld, 
or grassiands, of South Africa 
when he stops to ask this ques- 
tion. The ancestors be is tulking about did not 
Se live last century, noreven within modern 
| ORG ) memory. They are early hominids— 
‘soy apelike creatures on the human fam- 

= aes 









ily tree whose roots took hold more 
than four million years ago with 
the advent of bipedali¢m and 
who eventually evolved 


1 into us, Home sapiens, 
a ¥, Without waiting for an 
i answer, Berger opens his 


door and heads for a chus- 
ter of reddish brown ter- 
.? mite mounds. A jackal 
howls in the distance, 
while zebras grazing 
nearby snort al our intrusion. 
Berger licks a long blade of grass 
and pokes it mtoa hole inone of the larger 
mounds. He pulls the blace out, laden with 
termites, and pops afew into his mouth. 

“ad tee, like 
hertrs," he says, smil- 
ing. “They're good 
when you're really 
hot. They have all 
this acicl in them, and 
it makes your mouth 
water. Try one. 

Ido. A crunch be- 
tween the front teeth, 
a squirt, anc an after- 
taste | find more as- 
tringenit thin serene, 

“Our ancestors 
would hawe eaten them, just as chimpanzees 
and some hunter-gatherers still do," he says 
“They te prethy bigh m protein.” 

His eves scan the grasslands around ws, 

“De vou realize how much food is out 
here —ifyou aren't picky?" he says, catching as 
grasshopper. “Have him. A bit gritty, but 


Hunger and fear 


The Continuing Search for Our Origins 





Artiches in this series focus on carly memberg of cur cw 
pons and the homies chat preceded them. Much of thin 
research was supported by pour Sooety 


checkablock in nutrients.” He rolls over a 
rock and grimaces at a centipede. “Don't eat 
that. [t' sting the heck out of you,” he cau- 
tions before looking under another rock. 

“Tf you really want to understand your an- 
cestors, you've got to come to environments 
like this.” he continues, "Just walking on the 
veld, they would have encountered all kines of 
nutritious things—a field mouse or a bird's 
errs or flying ants. And some of the roots and 
tubers out here make terrific food.” 

Trying to understand our ancestors has 
drawn me to South Africa. In the past decade a 
surge of hominid fossil discoveries, many of 
them made here, has electrified the science 
of human origins, intensifving debate about 
how a four-legged, tree-dwelling ancestor of 
humans, chimpanzecs, and gorillas became a 
graceful runner who could race with Hons on 
the savanna. For months [ have been learning 
about the ¢arty hominids’ first steps on the 
road te becoming human. 

Paleoanthropologists love to draw hominid 
family trees. With the shghbtest encourazge- 
ment—and sometimes without—many have 
grabbed my notebook and started sketching 
their own networks of branches winding from 
apes to modern hu- 
mans. Details often 
| | differ, but mostsclen- 
 tist: agree that there 
have been two mayor 
groups, OF genera, of 
hominids in the past 
four million ‘wears. 
One & our own ge- 
nus, Home, which 
appeared erhaps 
twoanda half million 
years ago and which 
incluctes at least three 
species: Homo Aabilis, Homo erectus, and 
Home saptens. 

One of the great mysteries of paleoan- 
thropology is when, where, and how Home 
réplaced Awsiralopithecus, the genus that 
inhabited much of Africa beginning arcind 
four million years ago. Australopithecines, as 


Predators on the ground and in the air threatened Australopithecus africanus three million years 
ago. With long, powerful arms and short legs, these small South African hominids may have sought 
cover among the branches. They foraged there too; A. africanus teeth show wear patterns similar 
to those found in modern primates that feed mainly on jeaves and fruit. 
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An obliging chimp shows off the splayed big toe typical of ape feet. More humaniike feet niust have 
made the Laetoli tracks (detail, above), which show ail toes parallel to the axis of the foot. [he 
chimpanzee spinal silhouette (facing page, at right) exhibits the forward fean that makes four- 
limbed walking standard for the chimp. in modern humans, at center, spinal curves bring the pelvis. 
lens. and feat directly under the trunk; enabling two-legged travel. Anaromist Bruce Latimer has 


reconstructed an Austraiopithecus dforensis spine of about three million years ago, at 





eft. The result 


matches human curves, supporting the contention that this species made the Laetoli tracks. 


Fanzania. There, about 3.4 million years ago, 
avoleano called Sacdiman erupted, blanketing 
the savanna with lavers of ash. Shortly after 
the cruption at least two hominids walked 
across the ash, leaving their footprints behind 
In 197 8:a team led by the eminent puleoanthro- 
pologzist Mary Leakey discovered and exca- 
vated those footprints.* 
them from damage, the team buried the site 
i later. But 


the sand was filled with the seeds of acacia 


Hoping to protect 


unth nmver sand 8 vear eC ase 


trees, & Llores spre tise) ahowe the prints, 
threatening to destroy them with its roots 


Nlarmed Tanzanian officials, helped by the 


Getty Conservation Institute of Los Angeles 


fhe First Steps 


California, launched an emergency operation 
in the summer of 1993 to kill the trees and 
excavate the tracks 

Saidiman volcano still hes on the horizon at 
Laetoli as [ arrive at this desolate stte on the 
edire of the Serengeti. | walk toward the white 
nylon canopy that covers the 30-foot-long ex- 
caviation trench. Twenty-nine ol the 69 prints 
have been exposed, and toevervone s relief the 
roots left the most important ones undamaged 

For vears | have read of these buried tracks 
with no hope of ever seeing them. Suddenly 
they appear before me as if they Were made 

Fsee "Footprints in the Ashes of Time,” by Mary 1 
Leakey, inthe Ann! L979 NATIONAL 6 BOGRAPHTI 
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last week by local Masai tribesmen walking 
through the gray mucl of a water hole. Iseetwo 
distinct trails. One was made by a small indi- 
vidual. ‘The other track of slightly larger prints 
lies paraiiel about afootaway, Many scientists 
suspect that, like orangutans and gorillas, our 
earliest ancestors were sexually dimorphic— 
males grew much larger than females. Thus 
the first track may have been made bya female 
and the second by a male. And maybe not just 
one male. The imprint of a second big toe in 
several of the larger prints suggests that anoth- 
erindividual may have walked in the footsteps 
of the first, like children do in the snow. 

Staring out across the savanna, | imagine 
the scene. A hominid troop is sleeping in a 
grove of trees when the eruption awakens 
them. It is another in.aseries of explosions that 
has lasted for weeks. Members ofthe troop call 
to one another for comfort. The large males 
race to the ground to protect the females and 
young a5 a heavy snow of ash torns the land- 
scape unfamiliar and friszchiening. Then, needd- 
ing food, three apelike figures trudge across 
the land to forage. 

The female was probably in the lead, savs 
Broce Latimer of the Cleveland Museum of 
Natural History, one of the anthropologists 
brought in by the Tanzanian government to 
study the excavated prints. While examining 
the prints, he saw that the female's track 
veered slightly; apparently she had side- 
stepped something on the ground: The first 
mile mace the same stutter step about a yard 
behind. Whether the third forager was in fact 
walking behind the others or came Later is 
impossible to determine. 

As I kneel beside the large print and lightly 
touch its sole, Tam filled with quiet awe: It 
looks perfectly modern. 

*T thought that at three and a half million 
years ago their prints might be somehow dif- 
ferent from ours,” says Latimer. “But they 
aren't, The bipedal adaptation of these homi- 
nids was full-blowt.” 

But though this excavation has revealed 
new information, it has nolsolyed the greatest 
mystery about the footprints: What kind of 
hominids made them? Latimer believes they 
were left by members of Lucy's species, afar- 
ensis, Although few of Lucy's foot bones have 
been found, the bones of other. afarensis 
individuals from Hadar suggest to him that 
her foot could have fit the prints as easily 
as Cinderella's did the glass slipper. Other 
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spocialists dispute his interpretation, arguing 
that afarensis toes were too long and curved to 
make footprintsas modern as those at Laetolt. 

“Lucy was one of the stepsisters, not Cin- 
dérella,” artues Russell Tuttle af the Univer- 
sity of Chicago. He believes the tracks were 
made by amystery hominid whose fossils have 
yet to be found. 


JUCH DISAGREEMENT over bones: is in- 
tense. [have oftenseen the faces of dis- 
tinguished scientists flush as they've 
' bashed one another's theories about 
the anatomy of aftrensis with acerbic words. 
Those who hold that the species found at 
Hadar mace the Laetoli footprints a thousand 
miles away and 400,000 years earlier believe 
this indicates that Lucy's species ranged 
across a great enough expanse of Africa for a 
long enough time to have given rise to Howe. 
Other scientists see a much more complex 
picture, arguing that many of the fuesils we 
call afarensis moy in fact be something else. 

some scientists are now ¢ven questioning 
Lucy's positionas the mother of us all. Throw- 
ing out perhaps the grentest insult, Peter 
Schmid and Martin Hiusler, anthropologists 
atthe University of Zurich, recently proposed 
that Lucy might have been male, 

This idea provokes exclamation: of incre- 
dulity from Owen Lovejoy, the anatomist at 
Kent State University who painstakingly re- 
stored Lucy's pelvis, a5 well as fram Donald 
Johanson, who discovered her skeleton, Both 
believe that afarensis was sexually dimorphic 
toa notable extent. “TH Lucyis a male, imagine 
how small that would have mace the females 
of her species," savs Johansen. 

In 1992 Johanson’s team from the Institute 
of Human Origins in Berkeley, California, ex- 
cavated a new afarenats skull at Hadar that is 
much larger than Lucy's, indicating that the 
individuals at Hadar did range enormously in 
size, perhaps according to sex." Schmid, how- 
ever, ares on the basis of his own reconstruc- 
tion of Lucw’s skeleton that “Lucy's pelvis has 
more male traits than female characteristics.” 
For one, in his model Lucy—lke modern 
males—lacks a ventralarc, a bony ridge on the 
front of the pubic bone, found in almost all 
modern females, Hausler acids that Lucy's 
pelvisis too small to have given birth to an aws- 
tralopithecine infant. “The only reason you 

*see “ Face-bo-Faoe With Lucy's Family,” by Don. 
Mid, Johansen, in the March 1996 issue: 
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Balancing act 


Images of sinus cavities (green) anda brain cavity (yellow) are based on C7] scans of the skull of an 


archaic Home sopiens, Anatomist Fred Spoor holds a cast of a modern human inner ear, which trans- 


mits balance information and sound signals to the brain. Using (CT scans to compare the organ With 
similar structures in foes! sleulls, Spoor studies how our forebears maintained their balance. 


anoulc say Lucy is 3 female is her small siz 


saves Hiusler. ' 
name to Lacifer.” 

Lori Hager, a paleoanthropologist at the 
University of California at Berkeley, 
withachmid that by modern human standards 
Lucy coes not 


agrees 
look clearly female, though 
Hager concedes that such &@ comparison min 
be pointless. Modern female pelvises are wider 
than these of modern males because as human 
women needed birth canals 
large enough to deliver large-brained infant: 


“Vou can't determine the sex of chimpanzees 


brains exnanded 


on the basis of their pelvises,” Hager says 


“Miavybe there weren't pelvic cditterences in 


f = \ mT =a BE r ‘e 7 a iF 
australonithecines ecithet 


Hager antl others believe that male and 


‘re. cw ee if hin 7) oT 
female australonpithecines. like LIM Ene 


Were not nolicenbhy different in appearance 


arid that the Variahon in size i because here 


‘Perhaps we should change her 


were al least two specie: of australopithe 


cines at Hadar— one larce and one small. This 
hypothesis, iftruc, will strengthen an meres: 


ingly popular idea: Many species on the earl 
hominid family tree remain to be found 
Vieave Leakey, tie noted Kenyan paleo- 


anthroooioeist, recentiv found one of these 


speciés—an ausiralopithecine older than afer- 
enans, Because the 4, 1-million-year-old fossils 

ar modern 
Lake Turkanaim northern Kenya, she calls het 
new nustralopithecine which 


means “of the lake Turkana 


were discovered at Kanapol, nea 
CULM LSS, 
in the local 
lan uae 

Lanantl lanky, Vieave Leakey i continuing 
the work she helped her husband, Richard, 
pial eerin the 1970s. | meet her at the National 


Museumsoi Kenya (Continurd on pope §8) 


‘San "The Farthest Horzon,” by Meave Leakey, 
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ANCIENT GLOBAL CLIMATE 
Before 3.5 million years ago Atiantic and Pacific 
Waters imix in the open passage between the Armor- 
ica, balancing salinity levels. Buoyant Actantiec cur- 
rent ceniper the chill of the Arctic Ocean, 





MODERN GLOBAL CLIMATE 
The Pacific no longer mies with west-moving 
Atle waters in the tropics, The North Acne Cur- 
rent, heavy with salt. sinks before it reaches 
the polar saa. Deprived of warmth, the Arctic freemen, 
ultimately causing a cocing, drying effect in Africa 
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Challenged to survive in 
a shifting landscape 


Wind-borne dust and pollen deposited In coastal 
ocean-floor sediments provide clues to rainfall, 
temperature, and vegetation patterns in Africa 
over nearly five million years (graph, above). 
Many scientists find significant correlations 
between periods of climate change and impor- 
tant junctures in hominid development. 

Early hominids like the australopithecines 
illustrated above possessed features that helped 
them survive in-a variety of landscapes. A biped's 
free hands are able to gather a broad range of 
foods. Erect posture offers less surface to absorb 
the sun's heat and exposes more skin to moving 
air, helping bipeds keep cool on che open plains. 

According to geologist Steven Stanley, Africa 
grew cooler and drier after the Isthmus of Pan- 
ama rose (globes, left). Rain forests shrank; 
woods were broken by broad stretches of prass- 
land. Stanley belleves this change drove the split 
becween Australopithecus and Homo. 

Paleoanthropologist Robert Blumenschine calls 
Tanzania's Ngorongoro Crater (right) “a modern 
analog’ of an eastern African landscape that likely 
challenged hominids between one and two mil- 
lion years ago. Dense forest darkens the crater’s 
southern rim, foreground. Downslope, open 
acacia woodland thins into savanna. Grasses 
and sedges ring a dry lake bed. In the distance a 
stream winds across the crater floor, and on the 
far rim trees thicken again. 
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Limbs and branches 
on the family tree 


history s | 
million years. Phillip Tobias 
views Homo as a fairly simple 
genus descended from A. afri- 
conus two to three million 
views Homo as a more com- 





debate about our species’ 
coveries will test both. 


c Aur aopdiecon a ervrars D Auriranputhecin africamn 
3.9 to J million to 2.3 million 
years Bg. poate aE. 
Features. Ape- Feature: A 
like arma, with higher, rounder 
sulted for an up- limbs: possibly 
ewo-legged gait. binedall 








y according to 
Phillip Tobias, University of the Witwatersrand 
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Hominid shvicesns according to 
Bernard Wood, University of Liverpool 
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Finds in Africa 
FY Site or region name 
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K. Home orecturt inot show] 
cles are found in Asia as 
well as in Africa. Its brain- 
close to that of modern 
meni—|.6 million years 


(Contirued from page &8]) in Nairobi, where 
she shows meé pieces of angmensty, including a 
narrow, apelike mandible with small, vaguely 
human-looking teeth. She also has twoendsof 
a-tibia, the larger of the two lower leg bones. 
They are telltale fossils: The strength of the 
tibia and the angle at which it must have 
joined the knee and ankle indicate that ana- 
mensis Walked on two legs half a million 
yeurs—or 25,000 generations—earlier than 
the Laetoli hominids. Leakey's goal now is to 
explore more four-million-year-old sediments. 
Fossils of that ape, she saves, “will tell us more 
about the split between chimps and humans." 

The nextday we fly asmall plane toaremote 
site called Allia Bay on the shore of Lake Tur- 
kana. Four million years ago this landscape 
was prime bominid habitat. A forest along a 
river's edge provided shelter and fruit, while 
nearby grasslands and patchy woodlands 
would also have been good for foraging. Be- 
yond the landing strip there is no hint of civili- 
zation today. When we set down at 9:30a.m., 
the temperature has already hit 97°F —by mid- 
day it will push 120°, Strong winds gusting off 
the lake constantly suck moisture from my 
body. “Drink, drink, drink. At least two gal- 
lons.a day even if you don't feel thirsty,” 
cautions Leakey. 

Atnight hyenas whoop and lions roar, while 
deadly, pencil-thin carpet vipers lurk in the 
sand. Tam assigned to the camp's only vacant 
tent—ahouta hundred yards from the others. 
While the relentless wind shakes my isolated 
shelter, [lie awake, alert to the slightest noise. 
Did our early ancestors face the night feeling so 
vulnerable? I don't imagine my ability to run 
ontwolegs would help much ifa hungry carni- 
Vore appeared outside the tent. L try to remem-~ 
ber where the newrest tree is. 

Leakey and her longtime colleague, Alan 
Walker of Pennsylvania State University, 
seem oblivious to such concerns—a trait I find 
common to the sun-weathered men anc wom- 
en whose passion for finding ever older bones 
drives them to such punishing sites. Leakey 
can walk all day intently scanning the ground 
for scraps of bone under the withering winds 
and sun and return to camp seemingly re- 
charged, exhilarated, and ready to handle 
such practical problems as getting fresh meat 
or repairing vehicles, 

Over dinner we ciscuss the growing com- 
plexity of our view of human origins. Already 
many scientists are arguing that the tibia she 
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found last year resembles Homo more than it 
does afarensis. They suggest that it might be 
partof another line of hominids, one that could 
have made the Laetoli footprints and tater 
evolved into us. But Leakey thinks that her 
new bones and those of Lucy's species are sim- 
ilar enough, at least from the neck down, to 
make anamensis Lucy's direct ancestor. She 
sees differences, though, in the teeth and skull, 
“Anamensts had a more primitive, chimplike 
head than Lucy,” she says, She suspects that 
her find is but one of many hominid species 
that evolved after the advent of bipedalism. 
“L think anonmensis may turn out to be just 
one twig ona bushy bush," she says, “Most of 
the other twigs may never be found, and it may 
never be possible to say exactly what evolved 
into what. What matters is what these animals 
were doing —experimenting with bipecalism. 
Why? What caused this breakthrough?” 


0 THE NORTHEAST of Lake Turkana, 
in Ethiopia, a site called Aramis may 
soon help answer these questions, An 

| international team including Tim 
White of Berkeley and his Ethiopian col- 
league, Berhane Asfaw, has been uncovering 
a 4.4-million-year-old species that White 
believes is the oldest hominie yet discovered. 
He thinks this new species is so different from 
Australopithecus that he has created an entire- 
ly new genus for it. Borrowing the word for 
“ground” in the local Afar language, he calls 
it Ardipithecus, or “ground ape.” Its species 
name, rimidus, means “root.” 

“Remides 16 Lhe first species this side of owr 
common ancestor with chimpanzees,” he 
save. “It's the link that’s no longer missing," 

Several of White's colleagues tell me they 
suspect ramidus actually belangs on the chimp 
lineage; its teeth look too primitive to be on the 
main line of human evolution. But, except for 
the teeth, few have seen the fossils, which 
White refuses to discuss in detail until he has 
thoroughly studied them. The kev question, of 
course, is whether vamidus was bipedal, 

White just smiles when Lask him that ques- 
tion in his lab in Berkeley's Life Sciences 
building. “Let's just say ramidus had atype of 
locomotion untike anything living today,” he 
finally says. “Tf you want to find something 
that walked like it did, you mighttry the bar in 
Star Wars," 

Fit and wiry, White brims with confidence. 
Few anatomists are as respected as heis forthe 
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Brain space 

Even the clever chimpanzee (right) seerns srvall- 
bralned next to a modern human (below right) 
n these images from a University of 2urich 
exhibit. The head of a baby chimp passes easily 
through the birth canal (diagram, below). In 
contrast, tremendous force is required to 
move a human infant's targe head througn its 
mother's narrow pelvis. Schentists speculate 
that A. oforensis females, such as Lucy, shared 
both conditions: They gave birth to small- 
headed infants, but the birth process was still 
difficult, because their pelvises were narrowed 
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Stepping-stones to a? 


Two million years ago early members of the genus Hora 3 #,, 
exhibited familiar human traits: increased brain size, toolmaking. » — em Ot 
and a high-quality diet. Each trait influenced the others’ devel- © [ate 
opment. Even the simple technology of stone-tool production " 
indicates increased mental abilities. Gathering workable stanes, 
remembering flaking angles, and matching tools to tasks called | f 
for bigger brains than earlier species possessed. Australopith- =f 
ecine brain volume averaged 400 to 500 cubic centimeters 
(ec). Early Homo specimens show volumes of 600 to 750 cc. 
As anthropologist Leslie Alello notes, large brains are 
“expensive” organs, requiring high energy levels to operate 
(diagram, right). Human brains use'about 20 percent of the 
body's total energy production. Fueling growth in such a de- 
manding organ requires food dense with calories and nutrients. 
Early Homo appears to have added meat from larger animals 
(left) to the mainly herbivorous australopithecine diet. Homo : 
hatvlis was a fairly small species, and its tool kit consisted mostly Trade-off for 
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of fist-size hammerstones and small, sharp flakes. Many re- 4 better brain 
searchers believe that, with neither the stature nor the weap- Iricreatiedd bral eapacicy: may have 
ons of a mighty hunter, these early humans used their Drains helped Home secures higher 

and rools for scavenging the prey of stronger, faster carnivores pate whch lowed or 8 
(above). Breaking: open the bones of a single wildebeest’s leg, energy became available ta rut a 
filled with farcry marrow, an individual could consume half a wil larger more comples rai 
day's calorie needs in one relatively safe and easy meal. CIAAEWT ANTURCIRCLOGY, SEMEL 1EES 
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hundred over an area the sizeof a typical city 
block, may have been common in a landscape 
shifting from forest to drier, open woodland. 

“The pre-hominids were probably already 
more bipedal than chimps today,” save Hunt. 
“As they were forced) into areas of smaller 
trees like Grewia, it became more efficient for 
them to feed standing upright on the ground 
rather than trying to move through the 
branches from tree to tree.” 

Once on the ground, it would have taken 
less energy to shuffle on two legs from tree to 
tree than to raise the torso from a four-legged 
posture to feed, then lower it again to move on 
all fours to the next tree. “That would have 
had a side benefit,” says Henry McHenry of 
the University of California at Davis. “It freed 
the hands to do other things.” 

As the amount of shady habitat shrank, 
keeping the brain cool might have been anoth- 
er factor in the development of bipedalism, 
save Peter Wheeler of Liverpool John Moores 
University. One way to reduce the risk of heat- 
stroke 1s to stand upright. “During the most 
stressful part of the day a biped on the savanna 
gets only a third of the solar heat load a qusel- 
ruped does,” save Wheeler. Also, with more of 
the body exposed to cooling breezes, shedding 
heat becomes easier, requiring hominids to 
Consume tess water. 

In the debate over why the first hominids 
developed bipedalism, Lucy takes center stage 
once again. While Owen Lovejoy of Kent 
State has long believed that Lucy lived exclu- 
sively on the ground, others think she was 
equally al home in the trees. Aforeasts, they 
point aut, would have been a good climber 
because of the mobility of its joints and its 
strong arms and shoulders. And because its 
long, curved fingers and toes would have 
helped it. grasp branches. 

Others question how efficient a biped Lucy 
really was, Peter Schmid, one of the Swiss an- 
thropologisis who challenged Lucy's zencder 
and one of the specialists brought te Lactolito 
study the footprints, savs that his reconstruc- 
tion of Lucy's skeleton suggests that she would 
have notated her trunk when she walked, wad- 
dling like a gorilla, 

Unlike modern humans, Schmid says, Lucy 
didn't have light ribs and a widening of the 
upper part of the thorax that would Jet her take 
In more oxygen and cool her body efficiently 
when she ran, He maintains that Lucy would 
have had to pant like a dog to cool herself. 
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Running any clistance on the savanna would 
have caused heat exhaustion, 


RGUMENTS OVER early bipedal tech- 
: niques flared after a discovery 
called Litth: Foot by Phillip Tobias 
Lk and Ron Clarke of the University 
af the Witwatersrand in Johannesburg. A 
cluster of bones that made wp the instep of a 
hominid that lived in southern Africa between 
4. and 3.5 million years ago, Little Foot had 
for years lain misidentified in a drawer full of 
baboon fossils uncovered at Sterkfontein, one 
of South Africa’s great fossil excavations. 

After Clarke recognized the bones as hominid 
in 1904, they were transferred to a felt-lined 
plastic box and stored in the vault.at Tobias's 
laboratory 

*Tloewe it with all my heart,” Tobias says as 
he removes the pieces of Litth Foot from the 
box and assembles them on his desk, “The biz 
toe of this hominid deviater so it could swing 
out to the side as our thumbs can," he savs, 
moving the toe bone back and forth: Modern 
humans can move the big toe up and down, 
but chimps have more range of movement, 
é¢nabling them to grasp. But while Lith Foot 
had that apelike feature, its ankle was more 
humanlike. “This combination suggests that 
our feet became human gradually,” says 
Tobias, “from ankle to big toe.” 

When Little Foot wanted to, say Tobias and 
(Clarke, it could have retracted thal grasping 
big toe and walked much as we do, even 
though it retained tree-climbing skills. They 
even think that Littl Foot was the kind of 
hominid that made the Laetoli footprints: 

Scientists who believe that afarensis made 
the footprints have attacked Tobias and 
Clarke's interpretation. Whether or not their 
claim that Little Foot walked with a divergent 
big toe holds up, they have fanned a contro- 
vérsy. Some scientists now wonder whether 
hominids experimented with different ways 
of being bipedal. 

During the 1980s, while South Africa was 
isolated from a world increasingly intolerant 
of apartherd, Sterktontein produced hundreds 
of new officers specimens, including many 
fossils from the arms, lecs, torse, and pelvis— 
aricanus body parts rarely found before. In 
1994, with the end of apartheid, news of these 
discoveries began filtering out, Some of these 
finds may even turn out to be new species; 
Lee Berger, Tobias and Clarke's colleagut at 
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Witwatersrand and my escort on the 
thinks the unexpected traits of these fossils 
overturn the long-standing as 


sumption that 
he 


believes Hame emerged on the southern enc of 


the genus Home evolved in East Alrica 


the continent anc strecde north 

From the same vault where Phillip Tobias 
beens his Litth Foot specimens, Berger pulls 
outone new fossil after another. Most of them 
date, he estimates, from ground 27.6 million 
vears ago. He shows me a knee jomt whose 
suriaces indicate that aftcanws had & more 
bowleged, apelike gait than Lucy, who many 
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The anatomy of dexterity 
Hammerstones, like this one from Laeroli, are 
among the earliest human artifacts. Repeated 
blows teft surface markings that distinguish 
them from naturally broken rocks. Early tool 
expert Nick Toth (above) has implanted wire 
sensors in his forearm and hand to measure 
muscle activity involved in various toolmaking 
techniques, An avid blues musician, Toth was 
CUMOLS To s£6 the Miscle-wse pat ferns Fre- 
corded during musicmaking, so he played his 
Buitar while his hand was “plugged in.” 


believe gave rise to this southern cousin. How 
could Lucvevolve into something with a more 
orimitive knee, he asks 

Berger proposes that bipedalism arose at 
lewst twice. He believes that the first bipects 
evolved in East Africa, generating an initial 
group of hominids, including afaremers, that 
deac-ended by evolving into one of the robust 
forms of australopithecines. A second evolu 
tion, he argues, may have taken place later in 
southerm Africa, parts of which 
remained longer and would have 
requintd South Aftican hominids to maintain 
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the arboreal skills more common to apes. 

But net every characteristic of african 
Was primitive. Berger shows me a finger frag- 
ment that he says looks remarkably human 
So doete mandible he takes qutofthe vault: tts 
teeth are smaller than aforensis’, and the 
molars are of the same type and arrangement 


as Aoma's. Mest surprising are cranial 


remains that suggest to Herger that some of 


these hominids had taken another step on the 
row! to humanity, He believes that thev had 
brings 0S lare as those of carly Home. 

Berger savs the ancient ecology of southern 
Africa may have driven the increase in brain 
size of its hominids. Because the region may 
have had a more complex mosaic of habitats 
with » greater diversity of predators and food 
sources than Fast Africa, the challenges of sur- 
viving there might have required africanus to 
become smarter, 

some scientists believe that such environ- 
ments further contributed to an expanding 
brain site by forcing hominids to create larger 





social proupe: “Eeoltogical challenges, ont: 
smarting predators, delending resources all 
require bigger groups,” say Robin Dunbar; 
in evolutionary psychologist at the University 
Of Liverpool, With more relationships and 
pecking orders to keep track of, he says, homi- 
nids needed bigger brome. 

Survival for any early hominid was nosmall 
Challenge, Big cats probably posed the ereat- 
est threat, but Bergerand Ron Clarke recently 
identified another predator and in the process 
may have solveca long-standing murder mys 
tery: the death of the famous Taine child 

Berger brings out a small wooden box and 
opens it lo reveal the three pieces of the ‘Taung 
child—tts jaw, 1ts face, and a cast of its brain 
“It's our crown jewel,” he says, fitting the 
pieces together, Assembled. the skull is about 
the size of a large grapelruit. [t= haunting eve 
sockets:ancd full set of milk teeth mesmerize 
with the same sense of symmetry found in a 
great work of art. Turning the skull, Berger 
points out holes on the top of rt, “No one has 
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decades of excavation at Olduval Gorge (above), Rutgers Universi 
fobert Blumenschine says, “there's no end to the treasures that can be found.” Louis and Mary 
i A if 


eikey § pioneering work established Olduvai as the most famous.of early prehistoric sites. VVith 
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an internathonal team (below), Blurmenschine continues excavations here. Sediments offer him clues 


to the rise and fall of fakes and springs. Bone [ragments prawed by teeth or gouged by tools help 


him PeCOnSstrsct ancient relationships among predators, scavengers, and prey 





ever explained these satisfactorily,” he says. 

Herger first got the notion that an enule 
killed the Taung child when he saw one swoop 
down and tly off with amonkey. He found the 
eagle's nest and, working with Ron Clarke, 
documented that the bones left on the ground 
resembled the animal fossils found alongside 
the Taung child. He also found the skull of a 
voung baboon with puncture wounds similar 
to the child's, 

“The world was acrue! place for early hom- 
inids,” says Berger. “They not only had to 
watch every bush they passed by, every rock 
they turned over, and every tree they walked 
under,” he says, “but naw we know they also 
had to keep one eve on the sky.” 

Butaround 2.5 million years ago life irrevo- 
cably changed for hominids. In Ethiopia I see 
the reason why. 


HESE ARE THE OLDEST RENOWN stone 
tools,” says Vonas Bevene, director 
of archaeolovy and anthropology for 
the Ethiopian Ministry of Informa- 
tion and Culture in Addis Ababa. “They were 
made 2.6 million years ago,” he addsas he pre- 
sents a box holding sharp-edgerd flakes and 
fist-size choppers from a site called Gona. 

Thousands of such tools have been exca- 
vated by a team lec by Sileshi Semaw and 
Jack Harris of Rutgers University. “Making 
them was a simple process,” Bevene tells 
me. “The hominids: picked up one stenc-and 
broke it with another. That gave them a 
sharp cutting edge that could pass through 
an elephant's hide — something hominid teeth 
could natdo.” 

Tools were weed not only to cut meat into 
edible pieces; they could also smash bones in 
order to expose the fat-rich marrow and dig 
roots and tubers, Scavenging for carnivore 
leftovers, especially the marrow and brains, 
became a hominid way of life. 

The use of tools to cut meal probably coin- 
cided with the increased size of the hominid 
brain. "Tf you found an abandoned leopard 
kill, you could get your day's nutrition in half 
an hour,” savs Robert Blumenschine, a paleo- 
anthropologist at Rutgers University. “But 
vou have to be smart to be a good scavenger.” 

And as early hominids grew smarter, they 
developed better tools, Imagination may have 
been born when our ancestors developed the 
ability to think about a tool they needed and 
then create it, says Kathy Schick, astone-tool 
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specialist at Indiana University. “Experi- 
menting with different shapes of tools repre- 
serits the earliest form of science." she acids. 

With the increase in brain size, the hominicl 
body began to change in other ways, “Each 
gram of brain tissue needs twenty-two and a 
half times as much energy to keep it alive as 
muscle tissae at-rest,” explains Leslie Aiello, 
an anthropologist at University College Lon- 
don. “If you want to grow a big brain, vou 
have to shrink some of your other expensive 
organs, such as your kidney, liver, or gut.” 

While scientists are beginning to under- 
stand the biological ramifications of creating 
and using stoné tools, they remain uncertain 
about which hominid invented them. Many 
believe that australopithecines were capable 
of fashioning simple tools, but others see tool- 
making a5 asign that Home, with its larger 
brain and greater intelligence, had evolved, 
However, no Homo fossils as old as the Gona 
tools have been fownel. 

Palecanthropologists have gotten close 
though. A mandible recently fourtd at Uraha 
in Malawi by Tim Bromage of Hunter College 
and Friedemann Schrenk of the Hessisches 
Landesmusewm in Darmstadt, Germany, may 
be our oldest Home specimen, “We think this 
waza young adult who lived about 2.4 million 
years ago,” says Schrenk in his office, holding 
up the two pieces of a brown jawbone that 
retains its blackened teeth. 

Others question the accuracy of the age 
Schrenk and Bromage propose for the Malawi 
mandible. Andrew Hill of Yale University 
tells me that a 2.4-million-vear-old skull frag- 
ment from Lake Baringo in Kenya represents 
the oldest Homo. Meanwhile, Donald Johan- 
son and Ball Kimbel recently announcer fined- 
ing the upper jawbone of an unidentified 
Home at Hadar and have dated the fragment 
to at least 2.3 million years ago. 

The fossil record for early Home, however, 
remains scanty, and specialists argue over 
how many species existed, For many years the 
earliest Homo. fossils were all categorized as 
Homo habits, after fossils discovered at Oldu- 
val Gorge by Louis and Mary Leakey in the 
1960s. New family trees have recently been 
drawn that break a second species, Homa 
rudoifensis, aff from Aobilis, Fossils of the 
more advanced Home erectus, which scien- 
tists previously thought emerged around 1.5 
million years ago, have been dated as early as 
1.8 million years ago, indicating that ercecius 


National Geographic, February 1007 





Members of the family 
in the fossil vault of Kenya's National Museums, Richard Leakey displays four of his extraordinary 
finds, all from the Lake Turkana region. The skull of a robust.australopithecine, far left, though part 
of the hominid family tree, rests on a separate branch, Clustered together from center to right 
Homo skulls spanning 300,000 years are all more closely related to modern humans 
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1) Some soenhst= now want to create 


eg a 
i separate «rectus branch, known as Home 
Thus, the early Gomo family tree is 
starting to lonk as bushy as the sawustralo 
pithecine one. 

Specialists do agree that the tree gained an 
Important cmertence al 
Homo erectus. [ts body was the culmination of 


erPvailer 


branch with the 
Wl the anatomical changes the carly hominids 
hacl mace over the previous two million years 
Taller, leaner, and able to move quickly ACTOSS 
the savanna, erectus was poised to spread out 
from Africa to the far-flung ends of Eurasia 
But though its body design closely resembled 
ours, tts mind is still a oysters 
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Alan Walker, one of the leading authorities on 
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It might appear to be human, but you 
wouldn't connect. | 


Wilker’s opmion inflames other scientists, 


Vou 'd be orev 


who argue that even chimpanzees show hu 
man emotions like compassion. “Anvone who 
HAS Spent just-a lew seconds with a chimp ora 
Foriila knows that these primates relate closels 


tous, says Menave Leakey, “(certainly erec- 


1“, witha brain capacity greater than living 
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WOuld relate even mot 
Paleoanthropologists—like philosophers - 
will no doubt continue to arcue about the basis 
nature of our ancestors. [fT could look into the 
eyes of an early hominid, what would] seer A 
velociraptor’s chilling glare or the glimmer 
ings of compassion and caring? [ choose comi- 
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Striking questions 

Africa, appears before an image of the light- 
ning that frequently strikes the high veld. 
some researchers suggest that this hominid 
gathered smoldering from lightning- 
ignited fires and used it to cook meat. Oth- 
ers argue that the charred animal bones 
found at the site are simply traces of natu- 
rally occurring flames. The evidence is 
equivocal and energetically debated by 
scientists, who continue searching for the 
origins of distinctively human life. oO 
















Time is running out for 
the world’s largest cat. 
Reeling from the double 
punch of poachers and 
habitat loss, only a few 


hundred survive in the 
wild. While zoos work 
to maintain the animal's 
genetic diversity, Russian 
and American scientists 
are pooling their efforts — _. 4) 
in the fight to save this He 4 4 ; 
magnificent creature 7 ye, 
from extinction. a 
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a VoLinige 
Adult tier namerl 
Koucher crabs at 
Niurka, a female, 
Ot-a study site in 
easiern Russia, Phis game of 
Chase is more than play. It shiar- 
Bers hunting 
CELLS ace 


helpstthe pair 
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The world 
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sa three-acte encinsure in the 
LOC) miles 
from the Sikhote-Alin Biosphere 
Reserve, 


willage of Gayvorotn, 


ne of four set up in 


this region to protect wildlife 
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habitat. Russian scientists work 
in concert with the Stherian 
Tiger Project of the Hornoecker 
Wildlife Institute, a propect that 
Howard Quigley anc I began in 
1989 at the University of Idaho 
[tis not known exactly how 
many ciberian tigers roam free; 
ee Most laree, secretive Caryl 
vores, they are hard to count, 
The atest estimate is around 
30. Qur-work is aimed at 
Imcreasing that number through 
better protection of the animals. 
The story of KRourcher and 
Witrka is such not uncommon 
Thev were among two aets of 
cubs orphaned when their moth 
ers were killed by pouchers, 
according to Victor Yudclin, a 
vertebrate biologist at the Rus 


San Academy Of Sciences in 


Naki 





Vladivostok. The cubs were 
riven to Yulin for care, Rut two 
cubs were too mainourished 
[0 Survive 

The winters of 1992, “93, and 
04 were hard on Siberian tigers. 
Many were killed for their conts 
and body parts. The demise 
of the Soviet Linton led to the 
opening of Russia's borders 
That made it easier for illegal 
traders to cross into China and 
SOuUtnensSt Asin, where tiger 
bonks and Organs are prized for 
Uieir supposed potency 5 medi 


CINES And Aphrodigacs 


MAUTBICE HoORNOCKEDR 15 director 
of the Hornocker Wildlife Institute 
For information write: P.O. Box 
3246, University of Idaho, Mosoou 
Idaho 83843: Maec Morirrscr is 


piotogranher for the institute 
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daylight, “sandhogs” 
install air ducts in a new 
artery for New York 
City’s water. City Tunnel 
No. 3 will add 60 miles 
to a multilayered sub- 
terranean network that 
slakes the city’s thirst, 
transports its people, 
and channels its light, 
heat, and voices. 
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Maestro of rush hour, James Graseck strikes a final note 
as a train pulls into the Herald Square Station. The violin- 
ist performs in Lincoln Canter, Carnegie Hall, and the sub- 
| way. “lm not playing for strangers,” he says. “I’m playing 
Subway Song for a bulk of humanity. They're like extended family. 





| become part of their commute.” Each day 3.5 million 
people ride the subway, along whose 230-mile route 

the city grew. “The symbol of New York may be the sky- 
scraper,” writes transit historian Clifton Hood. “Yet, with- 
out the subway, the skyscraper would be an empty shell.” 
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VERYONE GETS SCARED on 

his first sewer dive,” Jeff 
Kwami, a 12-year veteran 
says. It's not anormal 
place to be.” My plastic bodysuit 
crinkles as | climb down a manhole 
in Queens. Two pairs of gloves 
cover my hands. Over my shoulder 
is an emergency tank filled witha 
ten-minute supply of air. As part 

of safety training, | have learned 
about methane, hydrogen sulfide, 
and other potentially lethal or 
explosive gases formed by decom- 
posing organic waste. 


Like most people, [have lingered atan open 
manhole, thankful I did not have to go down 
into that dark, confined space, Despite this 
fear, [hove been fascinoted. Looking beneath 
a city street is like peeking under your own 
skin —the terrainapon which your well-being 
depends isso close, vet so full of secrets. 

Now [ am visite the underworld that 
keeps New York City alive. More than 32 mil- 
lion miles of utility lines range in depth from 
just below the street to more than 80 stories 
dowh. Noone turnson alight, cooks a meal, or 
Wirhs an apartment without tapping into 
these lifelines, Maps-of them look like the cir- 
ciutry of a rocket. Color-coding helps. Red is 
gus. Orange is electric, Yellow is steam, Pink 
is telephone. Black is television cable. 

Team climbing through this subterranean 
rainbow to reach its deepest and least accessi- 
ble layers: water mains and sewers, repre- 
sented by blue and brown on the map. Then I 
will sample the more familiar transportation 
facilities, 22 underwater tunnels and 443 miles 
of underground subway tracks, Although a 
fecling in my gut says, “Don't do this,” Tam 
excited to leave the surface. 

BonSacua isa freelance pho iographerwholives 14 
floors aboyerround in Manhattan 


Ll 


After only seconds in the manhole —in re 
ality, asubterrancan brick chimney —L realize 
how completely this underground hixs its own 
rules, which visitors break at their own risk. 

“Go slowly,” says Jeff, who stands ona 
platform about 30 feet below the surface, 
tlinging to the safety line harnessed to my 
back. Lam 40 feet down, standing on a two- 
font-wide conerete ledge. In front of me is a 
swift river of human wabte—what sewer 
workers call “nasties.” The six-foot-diameter 
tunnel is filled only halfway, because most 
people in thisresidential neighborhood are still 
atwork. At? acm. and after 3 p.m. sewer tun- 
nels are often too full to visit. When Jeff or his 
colleagues search for leaks or blockages, they 
usually descend late at night, when people are 
sleeping and toilet flow ts low. 

Above me Lhear the thunder of cars crossing 
manhole covers. If | close my eves and ignore 
the emell, the rush of water sounds idyllic. 
“What happens if you fall in and you're not 
Attached to a rope?” Lask Jeff. “If you don't 
pull yourself out at the next few manholes,” he 
antwers with o shrug, “you'd be tiken down- 
stream a few miles to the processing plant.” 
There I'd be trapped underwater and crown. 

Processing the sewage, mostly removing 
harmful bacteria, yields 310 tons of sludge— 
also called hiosolitis—each day, Seventy per- 
cent is formed into pellets ancl sold as organic 
fertilieer. One-quarter is shipped to Texas and 
spread on semiarid grassland. The rest goes to 
a landfill, The sludge contains hundreds of 
tons of the toxic chemicnis, metals, ane other 
industrial Wastes that seep—or are dumped — 
into the sewer'system each year. The pallut- 
ants unaffected by these procedures end up in 
New York's walerways. 

Behind me as TF stand at the edge of the ow- 
ing sewage are large brick troughs. Even- 
thing down hereis moist and slippery, so Tinch 
my feet around to look beyond these troughs 
into. an empty storm-runcf tunnel. This alone 
makes the trip down worthwhile because it 
shows me how things work. 

This sewer, like 70 percent of those in New 
York and many in older American cities, is 
nish a collection facility for stonm runoff, After 
a downpour yielding «a half inch of rain or 
more, the sewage will flow over the floor on 
which 1] am. standing, <pill into the troughs, 
and exit through the siorm-runol! tunnel 
directly into Flushing Bay. Thus, New York 
regularly pollute: surrounding wabterwhys 
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with raw, Unprocessed sewage. One possible | 41S SAME KIND Of Peeesurance cases fn 
olution to this problem is underground tanks next descent. I ride with “sandhog:,” 
that bold overflow until tt con be processed the nickname for tunnel workers, down 
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But such tinks art expensive, and few neigh | a construction shait-into a new wate 
berhoecds wiint them neartry tunnel that willlink the city to its water source 
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ot enduring. mvths—that baby alligators works projectinihbecity’s history, City Tunnel 
get flushed into the sewers and ¢row to mon Wo. 3 is designed to bring one billion eallon 
Straus proportion of tresh water inte New York City each da 
L tell Jeff about oné confirmed sighting We are headed 670 feet below Queens, The 
reported in the New Fore Times in 1435, A elevator, lit with an exposed bulb, travels 
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Over the underworld « NYNEA technicians crouch at the brink of a threes-story-deep 
manhole. Below their feat, 208,000 telephone lines thread into the looming World 


Trade Center. “It's a puzzle,” says Eddie Melandez, at bottom. Some 465,000 man- 
holes punctuate New York streets, narrow passages into the city's roots, 
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Caught in the light * Awakened in a craw! space in Grand Cent 
only as Lamine greets Metro-North police office 
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Lord of the Tunnel 





Among the last Amtrak tunnel residents, Bernard Isaac 
lights a cigarette as he waits for water to boil. During his. 
11 years beneath Riverside Park, Isaac built a communal 
kitchen 30 yards from the tracks, where graffiti artists 
painted the mural of an execution, copying a classic 





work of Goya. Isaac left last June, but only after the rail- 

road ordered him out. “! miss the tunnel,” says Isaac, 

who moved into an apartment in Hariem. “Now | have 

sirens, car sounds. | really wanted to stay behind after 

they got everyone out, just to have some peace.” 119 
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Sharp drop * Sandhogs guide a 16-ton front-end loader into the same tunnel where 


8 Tniner was tilled last September when he fell off a boring macnine 
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have died since work on this water tunnel began in 1970. The city's first aqueduct was 
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hailed asa miracia in 1B42 and was finally shut down in the 1950s. Cavers exploring 


the old tunnel (below) illuminate stalactites formed as water cr ps thrawgqn mertar 
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Nerve surgery « A NYNEX technician 
splices lines in the city’s 32-million-mila 
phone system. Wires were first laid 
underground after overhead lines 
snapped in the Great Blizzard of 1866 
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TOW street level: 
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~~ eafall, heavy buildings 
are anchored in: bed- 
rock by steal piles. 
In firm soul, Bolldings 
are anchored by 
concrete piers with 
bell-shaped feet. 
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Rooted in rock 


Much of Manhattan rests on clay, sand, gravel, and 
boulders deposited by Pleistocene glaciers. Sand 
hogs have dug 22 underwater transportation tun- 
nels through this debris and badrock. Betow, thay 
have blasted two water tunnels through gnerss.and 
schist. They area boring a third to serve as a backup 


fora system carrying 1 
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Sewer mains: 
typicety 3 to. 16 feet 
deep, deeper below 
subway platforms 
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COMMUTER 
TUNNELS 

Between 1920 and 
1357 the city built Tour 
Car-and-truck tunnels 
linking Manhattan ta 
Wew Jersey, Queens, 
and Brooklyn. Eighteen 
other crossings under 
the East River, the 


ase 200 Harlem River, and the 


Hudson bring trains to 
the island. The naw- 
est—the 63rd Street 


Tunnel—was built 
aboveground, sunk into 
st? a trough in the riverbed, 
) and covered with rock. 
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COUTTS? OF isfang Lentral Terry Leb 


Stu's jobis to help finish a 35-million-dollar 
étation expansion, Included will be the first 
MHevators in Times Square's mati station 
As we stind in one of the Many PRssLeeways, 
Stu points to a low concrete cetling. “This ts 
where an clevator will go,” te save. “Tt will 
require going up through the street.” He un- 
rollsalarge map—aspagchett bowlof gas, elec 
inc, lelephone, cable, steam, walter, and sewer 
lines. “They're all between us ancl the street,” 
he exploins. “ We've got to dig through them.” 

“How can you understand this map?” I 
say, “Everything crosses everything else.” 

Stu smiles. “It's actually more complicated 
than the map,” he says, “Manhattan is the 
most dense underground site in the country 
Cnce you start to fig, you never know what 
you re going to hit. Otten people con't tuke 
things out. They abandon things in place, 
throwing new ontop of old, solateryou have to 
figure out what's operative and what's not.’ 

We fo tip to the street, where a water main 
broke a dav earlier: Nearly 70) percent of the 
tity’s pipes are at least §0 yeurs old, and 
uo break occurs virtually every day. Workers 
user shovels to clig around the concrete tubes 
that held utility lines. Some tubes hang by 
wires from hoards spread across the hole, 
which looks like » drawerhil of silverware 
turned upside down. “There's plenty of room 
to ade more,” Stu says. “Mokt mew stull ts 
fiber optics for communication.” 

Shir tries one last lime to get me-to woedder- 
stand the map: “How'd you like to thread a 
needle through all of this?” he asks. “That's 
what we'll do when we bulled the elevator, and 
we'll have to co it without cutting anything.” 

He will be operating on the city's under- 
belly, its most vulneruble spot. Broken utility 
nines have killed or injured dozens of poopte 
since 1990, The number of fives disrupted can 
be enormous. In 1989 a steam pipe broak killed 
three people and sent picces of street soaring 18 
stories high, Such vulnerability is the prime 
reason thet wtiltties restrict access to thei 
maps. To know the underground grid would 
be a terrorist’< dream 








OMFFERENT EIND of vulmernbilitv wor 
ries me as | return to the subway 
(rime, encouraged by darkness and 
decrepitude, was common when | roce 
the New York subway regularly in the [aie 





1970s. Blooctstains on station platiorns were 
nol Wess 


Cowier em kore 


New York toughness Is still here—when a 
man wis shot recently during a robbery 
attempt, delaying the train until medics 
arrived, angry pessengers swore at him for 
making them late. Hut lam amazed by how 
much safer'the subway feels these clays, Alost 
carsand stations are reasonably clean and well 
lit, New subway-car paint, from which other 
paint can be easily washer, belped eliminate 
most crafiti. Nonetheless, “scratchitt,  writ- 
ing or drawings etched by vandals, cover vir- 
tually every subway car window. 

Three junior high school students show me 
how they paint graffiti on subway tunnels 
Ignoring large rats, which they call “tunnel 
rabbits,” they enter the tracks from stations. 
They risk arrest, getting bit bya train, and 
touching 0 600-volt-radl. Their handiwork is a 











Turnaround 


Empty of passengers as it changes direction, a local 
slips by a special tour of the 1904 City Hall Station, 
designed as a showplace for the first subway but closed 
when trains grew too long. After half a century it will 
reopen next year as a museum. Between 1982 and 1996 





the New York City Transit Authority spent 13 billion 
dollars to reverse decades of decay in the subway. Air- 
conditioning returned, trains traveled ten times as far 
between breakdowns, and graffiti disappeared, Stricter 
law enforcement has cut felonies by two-thirds. 


f 
=“ : 
sd 
¥ 


129 


blight, but sometimes someone leaves words 
worth reacing, In one tutinel—used only by 
Amtrak trains—I find: “We all live ina tunine! 
of darkness, Yet few meet fearlessly the 
demons they refuse tosee. Tunnel of darkness. 
Inner light.” 

Police arrest graffiti writers as part of anew 
policy that has reduced felonies on the subway 
by two-thirds since 1990: Catch people for 
the small crimes so they cannot commit large 
ones. Police used to ignore tumstile jumpers, 
peoplt who enter the subway system without 
paving their fare. Now officers look forthem. 
In 1995, 5 percent of those arrested carried 
Weapons. 

Despite crime rectiction, the subway still 
conversa sense that civilization isabout to lose 
its grip, that chaos is just around the corner. 
Veteran fiders share their survival wisdom, 
Don't sit néar doors, becouse someone could 
rob you as the door is closing. Keep alert to 
everyone around you, butdon'tlook anyone in 
the eye, because someone might take it the 
Wrong WAY. 

Staying aware of people while not looking 
them in the eve is a skill quickly mastered. A 
bad smell moves through osubway car, racat- 
ing from oman who seems otherwise normal. 
No one looks at him or exchanges glances. 
Being together under such circumstances is, 
forthe system's 5,5 million daily riders, amed- 
itation on aloneness, At one station | sit in the 
mithile of a three-seut wooden hench. A young 
man sits to my ri¢ht. Sheet music covers his 
lap. He hums as he reads the music, his fingers 
moving as though playing a piano. To my left 
a woman sits down, opens a compact, looks 
in the mirror, ane brushes on eyeliner, Then, 
perhaps subconsciously, she s begins to hum the 
sume song as he. Dstt hetween them, silent and 
invisible. 


E'NEVER ACKNOWLEDGE IT, but the 
three of us need each other, The rule 
under New Vork is the same as the 
rule above: Muke sure other people 

art always nearby. It fs 10:30 a.m, The train 

Tam on empties, and suddenly Lam alone, sit- 

ting beneath one of New Vork’s toughest 
netehhorhoods. The car stops at the next sta- 

tion, and its doors open, Whe will get in? Will 

they see me as a good target? Only later do I 

remember that when acarempties, you should 

get off—even if it & not your stop—and wait 
until you can ride with other people, 





E30) 


Numbers increase safety but guarantee 
nithinge. The New York Daily News carrics a 
letter from Josiah H. Brown, special assistant 
to the president at the New School for Social 
Research. He describes sitting in a subway 
car. A man starts to punch him. “His fists 
struck without warning, throwing me off the 
seat,” Brown writes, “My repeated shouts of, 

‘Someone help me! Please!’ were ignored by 
came 20 fellow passengers... . Scrambling 
quite possibly for my life, I glimpsed them sit- 
ting, inert, impassive. No one responded, no 
one moved. ino one even offered a kind word 
When it was over.” 

The New York Police Department keeps no 
statistics on the indifference of bystanders. 
“What would you do if you saw someone 
being assaulted?” Task my fellow riders, Most 
ignore me. Most of those who answer say they 
weld do nothing, “Would you sit while it was 
happening?” elicits shrugs and blank looks. 
Fear of guns and knives is understandable, but 
this could be some lower ring of Dante's Infer- 
no, 2 place where people who could help you 
do nothing. 

Unlike those trapped in Dante's hell, sub- 
way pussengers have a choice. I want to stand 
up and shout, “You don't have to sit there in 
fenr, [fenough of you are willing te care, your 
numbers give you strength. There's no need to 
tide day after day indifferent to each other,” 

But, like a New Yorker, 1 sit silently, hicl- 
den behind an expressionless face. T too need 
the true hero down here, someone to shatter 
the indifference, reminding evervone that 
human contact is possible. 

During one morning rush hour, on a plat- 
form bencath Grand Central, my hero comes 
inan unexpected package: a 42-year-old man, 
slender, with bouncy straivht hair, wearing 4 
ruffled white shirtand tuxedo pants, His nume 
if James Graseck. As he plays the violin, 
people slow down, look at each other, and 
smile. With ench ptece be offers a quick com- 
mentary, “Vivaldi is describing the icicles 
forming,” says Jim, who then calls Puganini 
“the Mick Jagger of the 19th century.” 

Aman hums his favorite opera, hoping Jim 
will know it. One woman sets down her 
briefcase and spends 30 minutes listening 
and talking with other people. “I dictn't 
hear enough, but | have to be at wark,” 
another man says. Many people are reguliars. 
“T count on his being here,” one woman 
confesses 
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Inbound jumbos » Elephants march through the Queens-Midtown Tunnel. closec 


, Pie a a j i 7 ee ee eee | 7 A pees tl : ated Wi gl 
6 the circus could enter Manhattan, Weekdays, 3.4 million people commute to 


the central business district. Two-thirds use the tunnels, descending as many as 
13 stories, then ascending into towers that draw life from the world balow 
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THE NINE PRINCIPAL POSTURES FOR 
ACHIEVING, GREATER RELAAATION AND SELF-DISCOVERY 
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All Grown Up, and Staying Put 


Vacatonie mlreland last August, statt wrioer Borns: Weintraub ran into Christy Fitagerald, 
whi us a three v¥earold appeared in our April 1976 Dingle Peninsula article. Each suromer 
Chrty. pow 24. crews for tourrcts on a Dingle Rav sailboar, where Bors met him. He 
wee works 26 a mouritoin tude and teaches lrnsh dance, Hes seen many toends leave 


freland to Jook tor work. “You have ta weir a lot of hor if fou Want to stay.” he save, 


Write. Now. 


SOMETIMES, for professional writers, anv 
thing can be preferable to purting words 
Gown Of pape SOT ah RAPHE staners 
pace thet Hoor aimlessiys same store intent 
Out clve Ww icLore -uT [| oth ne if PaiTiew 1] 
Soll others admutte sudden urges to tes 
OTT SOTehOW, [ne worst chores are we! 
come When Vou Te Want for inept 
Leserstant Editor Mike Edwards, whe 
has produced 40) stares for che magazine, 
offers this advice to aspiring writers 


“Betore vou stam, pat the living roo. 


T | . k, 
Pix the gutters. C-fean out the ecarace, so 
writer should live in a new hotsec—that 


Hence Wt Cesc avon maneuvers 


























































































































On the Road Again 


“TT's SUEPREIS how ill-prepared some folks are for dove in the 
desert.” says freelance writer Mark Miller who feed moe count 
himself amon: that number: The Clatifonia-based author of om 
Southunestibriving pode mut hour months and 16,488 mules on 
his trosty 17) Volkswaren Rabbit while writing the bok. 
which follows both the big and back roads of rah, Arcana, ane 
Sew Ahlewioo, “LT can't tell vou how many times | fenind merporists 
nareaned.” he save, “| @otse | carried a couple of extra water 
wes pest Tor sti inded rh clers | hi 1 nuded Cat Mite th iM Ga cdi File i 
luce another wrvice ot your Secper." 


Soufiweacst is ihe third volume in our l2-book Orewa Crindes 
fo Antena series, which includes both mans and the auchcrs 


favorite routes and poms of interest tr the US. anid Canada 





Sounding Good in Mexico 


LONCTIMY, CECKIAPHIC PHOTOGE APHER—and now a producer on 
our Web site, National Geographic Online—Richand Olsentis 
Wis lsed to takitie pictures on assignment, But for ten dave last 
SLITTEMeyT Ween o Cute he CADTLENOG SCHINS, Ah clirrct OO ir 
there” reali to lit Daily Dispatches feature, Richard necorded 
Water splashing in Sechinilco (above), vendors” ones, and mar 
whi muse to supplement written daily report. “The new Web 


technolo y is ken of a be roy, Pe Sas, “hur moe ter long, 


Their Life in Lichens 


as NOt THAT Mephen are 
Svivia Sharnolf are obsessed 
Wilh lichens, Bot the Cabtornia 
hiushand-and-witt phercgraphic 
bec | hehe), Pres ot Gar 
lichens story, are well mito their 
third decade of photographing 
ind gathernngsome 500M) 
apecinens. Sponsored by the 
Missouri Botanical Garden, they 
are Wal lean with iia at Hevea 
lrwinm Broce of the Canadiat 
luseuin of Nature bo ecole 
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deftimmve, colorillestrated 
radio! tharowil) be published 
by Vale University Press 

[1 the past seven years of 
lichen humdne, the Shannotts 
have traveled mearhy DOO OO 


mites in a small recreational 
vehicle. And ves, somectmc 
while watching TV, they do 
exiibit as mach mrerest un th 
rocks (nm the aoomere a6 im The 
olor, Bur they are really mor all 
that obsessed, "We also have a 
peat intereut,” Sylvia neports, 
“ith Shine maids.” 
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BPOR INFORMATION 
Call: 1-800-NGS-LINE 
(1 -BOOMEA 6a63) 
hol free trom US., Caracas 
6 a.r—8 om. ET, Morn—Fri 
Special device for the hearne 
Impaired (TWD) 1-800-548-9797 
Write: National Geographic Society 
L165 Lith Street AW 
Weeningion, D.C, “OU 4S6-4684 
Online: 
World Wide Web; 
http: //Wivaa national peographkc com 
CompuServe: 00 A0M Ge oRAPHe 
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In the October 1996 issue “U.S. National Wildlife 

"drew a large and positive response, but 
the fact that bunting is sometimes allowed camsed 
such reactions as: “Perhaps the name ‘killing field" 
would be more fitting than ‘wildlife sanctuary." 
Readers of our Morocco article canght us in a time 
wartaboutibe length of jimi Hendrix's sojourn in 
that country. 


National Wildlife Refuges 


Americans owe an immense debr of gratitude to 
leaderssuch as Theodore Rooseveltand visionaries 
like John Mute, We are the benchciaries of their 
wisdom, With farmlands, wildlite habitat, and 
open lands bemg lost to development at a record 
rite, our irreplaceable public lands become more 
precious with cach passing day, We cannot allow 
them to be sold or explotted tor short-term profits, 
A commitment to fiture generations, mot short- 
sighted greed, must be the principle guiding our 
public lands policies. 
WLAN Hy MURPHY 
Say Jol, Minot ipaies 


Regardless of the wise use of federal lands for 
nature protection, conservation through private 
action remains the key to success in these efforts, 
The Nature Conservancy, which acquires lands 
that become part of national wildlife refuges and 
maintains adjacent protected uarcas, should have 
been a part otyour story. This noncontrontational 
ofganization of nearly one million has pinpointed 
more than 9.3 million acres in the United States tor 
protection; see “Quictiy Conserving Nature” in 
your December 1988 issue. 
RICHAND A CARPENTER 
Chariottcsinie, Virginie 


Webster's definition for refuge is (1) shelter or pro 
fection trom danger or distress (2) a place that 
provides shelter or protection. How are national 
wildlite refuge lands a “refuge” for wildlife when 
we allow hunting, fishing, planes, roads, boating, 
Gildrilling, unethical trapping, and recreation to go 
onin these areas? linprovement forrefuges does not 
start with legislation allowimg even more distress. 
RITA SCOTT 
CGheatprake, Viegietia 


When you state that federal retupes are founded on 
the principle of purring wildlife first, am |,a43-year 
member of the Society, to assume thar wildlife 
comes before humankind? The pendulum has 
ewe toc far. 
EARL Mae Dec AL f 
North Gary, Chetan 


Yourexcellent article was marred by several swipes 
at military aircraft trainme. Aircraft noise and son- 
i¢ booms are no More intense than natural thunder. 
In California: one of the largest colonies of the 
endangered leasttern has grown up between the 7 5- 
decibel runways of Alameda Noval Air Station. The 
Defense Department has an agreement with the 
Nature Conservancy to advise the military's natu- 
ral resource managers on protecting biosystems on 
its installations and training ranges. The Air Force 
and Wavy have adjusted fight traming schedules 
to accomodate bird migration routes as we'll 
as breeding seasons for sensitive species such os 
bighorn sheep. Beyond this, there 1s sumply no: scl- 
entific evidence that aircraft training adversely 
atfocts wildlife. The tow target (page 31) had less 
impact on habitat than the feet of the thousands of 
nature levers, like your photographer and your 
author, who hike through those areas. 

RAT AIOND SWENSON 

Lt. Cokanel, USAF (Ret) 

Sandy, Utah 


Federal Lands Map 


Thank you for including the North Country 
National Scenic Trail, For 18 years we have been 
Irving to raise awareness of this trail, We have j just 
exceeded 1,300 miles of marked and maintained 
trail, certified by the National Park Service, with 


another 600 miles completed bur not yet certified. 


DEREX BLGUNT, Prenddent 

North (omrty Tra Actions 

Grad Arf, Michopae 
Solid green and yellow blocks to identify Forest Ser- 
vice and Bureau of Land Management holdings do 
not convey the checkerboard pattern of land own- 
ership so common in the West. Private forest 
and ranchlands, often in alrernating square-mile 
blocks,-adjacene to federal land have shattered the 

ecological integrity of many areas. 
BLAKE PANTO 
Seattle. Waabrrgton 


| was disappointed that U.S, Army Corps of Engi- 
neers lands were nor included. The Corps owns and 
manages 11.7 million acres of land and water 
throughout the U.S. In addition tw flood control, 
(Corps projects provide areas for recreation and 
habitat for wildlife. Many contain threatened and 
tndanpered species, sensitive lands, and archaeo- 
longereut) sites: 
TERESA |. RASMUSSEN 
Lauer erce. Kasra 


Located a hundred miles off Texas and Louisiana in 
the Gulf of Mexico, the Flower Garden Banks 
Natonal Marine Sanctuary, though nor depicted, 
isa Wilderness visited by thousands of divers every 
year, Irs natural inhabitants imelude species that 
people trav cl worldwide to see: manta rays, sea tur- 
es, whale sharks, and schooling hammerheads— 
all in one place. Great map otherwise! 

FTERPHEN GIT TINGS, Wamuiper 

Freer Connie Aanks WS 

Aryan, Tews 
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African Gold 
| was delighted to see the cover of the October edi- 
tan highhighting an article on the Asante people 
and their“ Atrican Grold."” My pleasure diminished 
when all | found were cight pupes of beautiful color 
photographs supported by amplited headings. The 
Asante people are one of the worid’s great nations, 
with a proud history that has influenced many 
other nanions. They remain.a mayor force m African 
development, and through their dispersal to Amer- 
ica and Europe they make enormous contributions 
to their host nator, 

KEV. ANTHONY BRAIE 

High Wyrcoemtn, Englert 


Kuril Islands 


The article ignores the sacrifice made in the Kurils 
by many of my comrades-in-arms in the final years 
of World War Il. After the Japanese were driven 
from westernmost Alaska (the Aleunan Islands} in 
1943, plans went on to forge an Aleutian-Kuril 
. siderite victory.” Under the cover ot ‘dirty weath- 
er, U.S, submarines, destroyers, and aircraft based 
in Alaska launched the earliest attacks on the Japa- 
nese homeland, except for the Doolittle raid. Many 
planes were shot down over the Kurils, which were 
later semmed by Soviet troops. 
LOREN MINT TYRE 
Ariimeton, Virguria 


China's Terra-cotta Warriors 


Louis Mazzatenta’s article gives a fascinating 
update on the painstaking archaeological work 
going onin Mian, Mightit be possible thatthe terra- 
cotta army of Qin Shi Huang is notonly evidence of 
the emperor's quest for immortality and enernal 
power but alsoa life-size record of those who served 
in battle with honor and dignity? What a brilliant 
way to instill pride and doyalty in the rank and file. 

fi. PETER SAUNDERS 

Batlevwe, Washington 


In a photograph on page 764 technician “injects 
glue made of shark's lung” ‘utider paint. | was under 
the impression that sharks were equipped with 
gills, nor lungs. Was this an error of translation, or 
are sharks in China anatomically different from 
those elsewhere? 
RICHARIF ELLIS 
New York, Nea York 


Good catch, The transtation showld baie been 
“fs. parts.” 

Morocco 

The article was interesting and objective. However, 

asain Algerian woman, | felt insulted by the Moroc- 

can’s quote on pages 123-4, We Algerians have an 

identity and roots too. Likewise, we have never 

been obsessed with religion. Our search for democ- 

racy stumbles at many problems linked toa weak 


economy, and we are paying the price. Algerians 
nevertheless keep their dignity and respect and 


proved it in 1996 when they massively voted under 
the fundamentalist threat. There is a minority of 
fundamentalists trying to create chaos, but this 
shouldn't be the opportunity for our neighbors to 
ry to emerge as “different.” 

RACHIAA SAL B-PASSCIT 


Nice, France 


| was surprised to read that Morocco is of “small 
size” aittee it is larger in area than Texas and twice 
the aze of Germany, In population it ts larger than 
any U.S, state, excepr California. 

DAVOS MISKLAN 


Hoserton, Fecrae 


The article was well-documented and well thought 
out. Dhe writer, whose sense of humor added to the 
beauty of the article, avoided the us/them dichoto- 
my that often turns nen-Westerners into exotic 
creatures who are helpless in dealine with modern 
umes. The Moroccan ishardworking, devout, prac- 
neal, and very tolerant. The fact that Benguerir's 
billboard boasts that it is the city. of che fhiture, 
though made me smile, a meaningtul. Irtells much 
about the optimism and perseverance of the Moroc- 
can people, who believe in o better future. 
MOULAY ALT BOUAN AIT 
Teale, Cheep 


Foracountry witha long history, very litle thought 
is given to the future. Therefore, treating a custom- 
er or business partner fairly is of lithe concern; grab 
the quick profit and the chent be damned, When 
one isn’t being hustled, one is struck by the poverty 
and stark contrast berween the dasses. The black 
market and drug trade would appear to make up 
the lion's share of the economy. 
EDWIN SELSO 
Cambloice, Morocco 


Jimt Hendrix did notspend five years in Diabat, He 
visited Morocco only once—in the summer of 1969 
on holiday. In addition, sand was an often used 
metaphor in his sonpwritme, bur there sno docn- 
mentation to support the claim that he wrote “{Cas- 
tles Made of [noe ‘in the’| Sand" after spending time 
in Morocco, The song was written m 1967, 
ATEN (ORDO 
San Frac, (Californias 


Letters for FORUM should be sent to National Geographic 
Mapai, Box 37448, Washington, 2, 20013-7443) or 
iy fax to 202-82 25460, or eta the fotermet to egsfrernonii! 
nutionalyecgraphtic, com. Include numte, address, arid dury- 
there telephone, Letters mary be edited for clarity and space. 
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A whole new way. National Geographic is now online with CompuServe. You'll fa NATIONAL 
exmore and interact with new worlds, Go on virtual assignment Uncover global GEOGRAPHIC 
mysteries, And visit places you've never dreamed of. Enter GO NATIONAL , | 


GEOGRAPHIC if you're a CompuServe member. If you're not, give us a call of visit | ay 
our website, We'll give you free software ond 10 free hours‘te discover the planet. | COMpUServe” 
wew.compuserve.com Qutsade the US or Canada: 1-303-894-7536. inside the WS or Canada: 1-800-374-3509 


D 1008 CompuServe in 2 bademart of Compaen inconperaned. “Subequent moot $9.96. You’ ger 5 tree howrs each month, Addoonal hours G24 each. 
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Colonial Florida Fort Recalls Declared « notional 


a Shining Moment in Black History h ede igo ate ie 
um ore Mose was 


HIDDEN EN THE SALT MARSHES of northerm St. Augus- brought back 1 ie freee 
tine, Florida, the tronticr eutperst of Fort Athos search of Spanish dic 
nitwht ki forgarten ae except for cre tating Lents ot historian lane 
tact: Te was the first tree black colonial town in Landers, noarw ar Vander- 
what is now the United States. [ty residents, Dilt Limiversity, and tae 
\incan slaves trom British plantations to the Vours of excavations led 
north, had tend refige by escaping to Soanmsh by archacologisr Kathleen 
held Flerida—and converting to Catholiciam Deagan (above) 

] ler team, ith aRaaaeba L 
trom black Florida leguslators suchas former Stare 





Representative Ball Clark,.at far left, uncovered 
evervilay items used for cooking, clorhing, shelter, 
and defense. lt also found a2 handcrafted silver 
medal (above, lett) with an image of Sr. Chiris- 
POPRED On One oe an A 1s COM pass rose On 
the wher Mjany escaped slaves served as crewmet 
On Spain ships. 

4t-a tome when both England and Spain claimed 
northern Florida (man), “staves of the Carolinas 
knew of the possibility of freedom in Spurtish Flor 
ra, says Landers, In 1748 the Spanish formed a 
frecdmen's militia and moved one hundred black 
men, women, ond children from St. Aggiustine to 
Datla the @4-fect- eure Fort Nose, [wo years lat- 
er a Boinsh anack forced the residents to Hee to sf, 
Lugusmiie. After 1752, blacks returmned-to a ocw, 
larger Fort Mose nearby, shown in this infrared 
_——— : image (left). In 1763 Florida was ceded to Eng 
FACE MEMTITT TEMTSE CENTEN, - land, and the Spanish blacks moved to Cuba 
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“You dont need four degrees 
to understand how easy 
it is to save with 
the Ford Citibank Card? 


ee aaa David Joyce 
| B. A, MM. Divinity, 
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M.S... Ec B. 


| Saved $1, 040 
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or “ 


David Jovce calls it the Ph.D. of 


credit cards, Because every time he uses 
the Bord Citibank Card, he gets 5% back. 
So can you. And that can add up to a 

huge monevsaving Ford Rebate® toward 


the purchase or Red Carpet Lease ZA "I 


of any new Fond, Lincoln, or / 





Mercury, So make your best deal 
aneven better one, It’s the sin 
thing to do, Call 1-800-474-7777 


for the Ford Gibank Cand 


The No-Annual-Fee Ford Citibank Card, 
It's just too good to pass up. 
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The Sudden Decline 
of the Spotted Handfish 
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What Caused an Elephant's Death? 


GEOGRAPHICA 
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blood on his trunk, but ne autopsy was perlormed 
To Determine chy MSE OF TS Ged, MSothe elestint 
robust health 
beleve poachers mav have killed 
as they have other bulls in Renya and lan 
Qari (OROCwAPHIC, file LSS4, Oticials cf the 
Kenya Wildlife Service insist he died of natural 
casi, avin only three elephants we 
in 1994, *Ie's a death thar will continue 
us, saya (onriatie Feral of the Washimiton-taseed 
Virican Wildlite Foundanen 
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(itraconazole) 





—).Wo Kansas 


Toke SPORANOX treatment orally for just 3 months, ond you may see a visible difference 
Soon after you stop taking SPORANOX, you may notice tha! the new nail growing in oppears 


normal. Since nails need time to grow, you should expect il to be several months before 
healthy, new noiis grow in 


So now you can join others who gave thick, yellowing, brittle nails the boot, and start 
growing fresh, new nails 


What you should know about the safety of SPORANOX: SPORANOX hos been well 
tolerated in patients. In clinical trials involving patients with thick, hard, yellowish, 
ond /or brittle nails (onychomycosis), the following adverse effects led to either a 
temporary or a permanent discontinuation of treatment: elevated liver enzymes (4%), 
gastrointestinal disorders (4%), and rash (3%). WARNING: SPORANOX must not be 
token with terfenadine (Seldane”), astemizole (Hismanal”), cisapride (Propulsid”), 
or oral triazolam (Halcion”), In rare instances, there were reports of elevated liver 
enzymes ond hepatitis. If you feel unusually tired or sick to your stomach, have flulike 
symptoms, or notice that your skin ef ete ell ok have dark urine or pale stools, 
5 SPORANOX und immediately. It 

ee you dail no te SPC RANOX SPOR) 
by soo dice ual epert ons evecse sts GR Mad cca seat 








: bec 1 eee * + jae 7? 
' 


sporanox 


(traconazole) Capsules 








WALES Cnbeomanane Se 
Steere 

“ha 2 fe iaetiake Gteeter nie alee FH 
pre opaerpaiaales TT seem 





o'er TTa alata Ss iceman, ial 
pene pr ne or repre brennan Boi 
[oA a Mf i a 

i saad eee taal ithe ula wlleat 

CATAL ANS Se 7 _ 

De ee Re ae 

WAALS, ad PD ee we 

Sarr epee tt hla br a hv cb 

NANA Te tf ad ee PA ad Ty |S ee EY Pe 

UWA cats pe ke aoe wns Leen ting tan nea 
— iar ey EA ts 

anal 


sent a 1 a eames 


me ee aT An errs = ATT 
a Sas man Pet. © Tee eee 
fre eo soothers coee ee ee aes a Sy 
ferpestoe pe rca San AT A TPT 


we PAL 
(acento HERING ond So HAR COATIANCICATOG RACING 
ph ea Oe a Dt ate aT, 
rt came 
sl ef seit = AE roman yee i" 
coo ia dco empl adh PALL cmpemigwd fer ET 
DTD ak AO er tem. 





aig nn ick! uk & eter +2 Poe Micar = 
Soc: pains np ay ce aera 


sree rl 
Unk on, an medal 6 he preted Set rt ee +S ee et ee 
| (tals oe patel ll ee iach comes ha ce Lied 
ee eee ee at coals 2 cited A ot ee 


wth Sires 7 ee a Lee ee 0) eb 
fees eel ened Dhrsh 
: coum me tae ge wee senev Foye 





Sara M teen er al aie cera 
i a 20 — ra Se inalonis AON ibd canoe oem wobec 
perenne epee inf Salty Sel —— 

és oF aries. 7 a et 


CS ee CoA sees 
L ' ENTRANT WHE ie ool 


ee Le eee cen Paine pr nia 
‘eet wba at Late CT a es u 
pone tah nna ww epee Se foe iy 
a tal DCU or eee ee ee ee 2 rtd he A 
eae a tehainal eae al sil ia st Tec el [I 
= 
pies eet Te Saye pore aed. 
poet net dary cia ae uke 
wiles a UreK, 
woes eS 








(ania WN a we Che er 
ery argon) am, pacer precede ry rT ERT pe ee 


COP TALIA A FEN retin | 


pei Te. vr ie Semthes reed eer tee eae el be emg Pa 





at vi Leeper a see [a me i te ee Eig 


cases ee Ann at 
Pe 
ey at Se dented a soden weaier| 4 





Pata dre nto fey ton ee ee 
Then pst ad POLAT whe meet cue fg, nse pty lh 


= be TE el Tg lta 

Aa (en oF Goa (OT aed en OT es ee 
i sas ia aa EF | 
shane coceeaion dl basil comes) vee UL Someta 


Ts nk gt rn wr ed ra 0 13 hogy okey, tment Hie 
Se na NE ee Lays caer ahem apes at fara Bay tis 


ty Re ee a ecko ; mrad aS Coed ah bt 

my. pena me rm a MN ma 
in 5 ELT 
wt RRA TE. at a Ce, Cn RP st ea 

Keg ged > 5: SEE baa relic 9 pemmeall canine A tpl saree pg 





5 nied Lege $78 ‘ 
wate oy ‘igi ar hh 


—— | eT OL, RR eg 1 
oe ipa Pe ee ee 

ae eaentanant: Tat 2 eed tan peat! ‘ae Se LE 
bj inion on e ap ge a 


| ge a ee to ary a 
Ne Er ee dia 2 pile eonip bly sleddaateabe 
ny gry REED ale wht oo ame det beet og tert cca ol 







has a pid cil ih nln SCH rial 
ah a 19 pe Aaa a perenne pce rages ree eens 

Te tnt opi pea pun ition oth See 2 tog eer at 
yar ace ener ae 

ties atate teondleecaenattesinediee ci LS ETE rated 

peoryiaret puri care Sank ay = 
af rar mle i Gh MME 2 senda, Ses oad bate 
ve ie 


ti fell niin ee ee FS 
Ki tne hr chars tre fe a Scare ine eee 


SIR cauateishinneruntehthans 720, gala 
ed Rea Dat Tl at ced a a oe 





ba LEE a a pr SS LL a ter han ll 
Cir pee mete her 17 wel ot are 
een neemeeans Palaces | 

oe a a me ae) ered Se a 























niente fore bet epee er beet iebet med pn aps seh a a os 
Sy oe je yey oe io Wher paren eater wed deed ow oH 
jum ha A> emmy, Fa: a PR ‘mic mg min am, mth wimg tT ae Te ll ee 
recite = AcE 





pees a FOLK Me as hae a 


Sein evel kwegr ar ga! esortatry wh ORANG w orca mm el paola. co 

ee es 

pest - ft beh -t 
trae ran PT PEE ee pee ie 


ic‘ op tear ere Rc eg eer coh med ede eek ee ee 
= 
fem ted Seer | 








I howe ab fie te 
=f ifr = 
The Leukemia Society supports patients 


UF al hl (SVs 2rrLa Ympnorta 


iltiy le Mieiomne snc Hodoein § cisaase 


sin CALe Vwi | Le Het roe ee IS ae = oe 


leuxemia 


society of america 


AUTHORS WANTED 


VANTAGE PRESS, Dept. NA 
Sib W tith S. Sew Yorks. WY Jt 


DOT SOOO WOLD SER) Ger OLE Sees 


We ia r ~ ] i 
tui? ae 1s Ce SS Lon We 


SOoRelp is help milhons Oreathe casicr 


AMERICAN 

LUNG 

ASSOCIATION 
1-800-LUNG-US5A 
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Becumse it has historically moved in the oppo- 
site direction of stecks and bonds, gold is a vital 
asset to hold in conjunction with paper investments 
In order to reduce risk and volatility. 


In the U.S., more investors choose the American 
Eagle gold baile coin than any other bullion coin 
in the work) American Eagles are the only bullion 
coins backed by the U.S. Government for weight 
and content. Guaninteed. 


Hlanchard and Company is one of America’s 
Lirpest and most respected precious metils dealers, 
We sell American Eagles at just 1% above our cost 
Call 1-800-880-4653 to order. 


1-800-880-4653 


Please Ask For Extension [94 
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Calvert School 
Dept. N27, 105 Tuscany Road 
Baltimore, Maryland 21210 
(410/243-6030 fam (471013660674 
nitp://wwwecalvertschool.org 





IN PRIMITIVE TIMES, 
IT WOULD'VE BEEN A GOD. 
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Ever notice how you find this on the back of the ones you want to keep? 


Some people wouldn’t have any 





*' Vo lk swoagen 
| The nome 





Cruise Down The 
Rendezvous Of 
Prosperous 
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Lasers can restore eyesight. 





Trust them to do wonders for your color 
copies, too. 


If it’s possible to trust your eves to a laser beam, trusting your color 
copies to one is a given. The CF900 digital color copier's new Screen 
LIMOS system uses a highly precise laser to imbue your color copies 
with high definition and vivid color. It adjusts for every one-quarter 
pixel, giving you 400dpi resolution and 256 color eradations, And it 
opens the door to your imagination with numerous 


simple creative functions, such asthe Color qlee ' 
Display Editor. Similar to 4 draw software : Se — 
program, it allows you to design pages as || . 

well as change existing colors with ease, For : 


unparalleled digital color copying, the CFO00) = = 
undoubtedly is the copier CFE 900 

—_ you can, ina word, trust | 
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At 65. Taiwan Innovalue™ put the Reverend Harrold 


back in the saddle again. 
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This card can stop a bullet. 


it's only a piece of paper but 
that lithe card up there carries 


lot of weight. Keeping millions 


ae 


of nds off drugs, out of gangs 
and in school. To leam how you 
can help the Boys & Girls Clups, 


call 1-800-854-Club. 
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Our major competitor in the Andes. 


Audi Ad 





Finally, acar with standards. as high as the Andes. 
The Ad L& Turbo. The first car in. the world with 

5 valve technology. Fifth generation ABS. Four Link 
ampension with Formula | technology, Intelligent air 
condinoning. And its exclustve qualiro four-wheel 
drive, which maintains torque ond perfect stability even 
in the most imperfect conditions. The Audi A4 with 
quatiro four-wheel drive. it will bring comfortable 
stability to your life especially in the curves. 


with quattro four-wheel drive. 


Audi (i) 0 0 ) 
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On the weekend, Maggie works with kids. On week 
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ALL THINGS BEING EQUAL, 
YOU COULD PLAN YOUR RETIREMENT 
WITHOUT HELP. 


OF COURSE, 
ALL THINGS AREN'T EQUAL. 
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The most 
important 
job of 
your life 
just might 
be your 
first. 
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1-800-832-1230 
http:iwww, teachtoramerica.org 
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8 FROM THE GFOGRAPHIC ARCHIVES 


Weehawken, Here We Come 


Taking the newest route to New Jersey, cannon-carrying 
Army trucks rumbled though the Lincoln Tunnel in midtown 
Manhattan during opening ceremonies in Becermber 1937. In 
the tunnel’s first year of operation, 1,790,647 motorists paid 
Si). cents each way to take the 8,000-foor shortcur under the 
Hudson River. Today some 20 million vehicles make the trip 
each year, the coll has quadrupled—and all cannon are ex- 
pressly forbidden. The most explosive things im the tunnel 
now are traffic-ignited tempers, “We'd prefer people leave 
those at home.” said one Port Authority official. 

This photograph was never published in the magazine. 
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You're more concerned with day-to-day adventures. 
Like commuting, Shopping, Or scenic country drives. 
So we designed the Bravada® fo periorm best where you drive most. 
On-road. We gave it the kind of suspension to give you 





g you wouldn't expect from an SUV. 
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Tools for Teachers 


A BOLT OF LI ESN Can ge 
crate 200,000 amps of elec: 
micity and be five mimes as 
hotad the curface of the sun 
(right), Yer students may be 
thocked te discover that 
many of these struck by 
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lighting survive to tell rheir 1-800-368-2728, A new ine called GeoKics 
tales. When Lightning Strikes The Seciery’s clusstoarn was inspired by teachers” supg- 
ane of 41 videos reoently products combine award: pestions. Each kit comes 
released specifically for use winning filmmaking with complete with mapa, posters, 
in the classroom. The tull line content famed for accuracy and student handouts. 

of National Geographic and balanée. Correlated to From Jasects to Steal 
videos—over 400 otles—ts achoolcorticiis anal the Anay: Tbe Harrict Tielpncars 
featured in the 1997 Educa Hatin) geography stan- Stary, the videos make lear- 
ronal Videos and Videndiscs dards, cach video comes Tha vivid for students from 


Catalog, available by calling with a teacher's gum. pre-K through high school, 


SEARLE, FED, 16,5 EAPLUIRER’s “Panama Wild’ Cetitral ta lite are the towering 
Under the Spreading takes viewers on a schentific hundred-foot Diptervx trees, 
Dipteryx Tree Hoy Rae y from rhe PoOrest enerable pant whose Hot and 
vanoopy—ealled the last trons folie suppor hundrecls ot 
OAKING LOW SCMC4 on 4 trop on earth—to the mud below, ther apeches, 
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National Geographic Speen 
he Soe lacal es tines 
National Geographic EXPLORER 
TES. Sundays, 7 p.m. Ef 
National Geographic Videos and 
Kids Videos Call 1-800-627-5762. 
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A manatee finds 1ts winter refuge in the waterways. In Flonai 
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shallow waters, the manatee walks alone the tat loss and hunting, which still oceurs in 


hollom on its front tippers, bul in deep wate some areas of its range, also contribute to the 
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it cruises about in slow motion, surfacing manatee § endangered stutus. As a global 


every few minutes to breathe. Aliso called sea cormomalon committed to social and @nviron- 
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cows, these docile herbivores consume huge mental Cancens, Wwe joni worldwide ¢clhorts 


TOWNS Of aquatic (Hants daily, Making nem iO promote greater awareness Of endangered 


mviluable as natural cleaners of clogged species Tor the Benehit of Ture Peneraions, 





NATUTE 


anon 


Hetinal (omero 





WATIONAT 


Freshwater Marshes Treat 
Sewage With a Natural Flush 


HARNESS FRAGILE WETLANDS. so vulnerable to 
POLLUTION, i) Titat sewaver It seems a con- 
tracdiction, but since WRG Arcata, Calitur- 
nid, hats heen nine Eeshwoter marshes, 
home of this American bitter and other 
wihihite, as pint af the municipal sewage ss 
tom. Betote then, partic ly treated avaste had 
somenimes owed into Himboldt Bay, 

hirst the city hand to pestere the marshes, 
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which had been smothered by a landfill, by 
planting bulrushes and other plants. Now as 
the cHluwent is pumped through as many as 
six Marshes, “nutnents inthe wastewater 
fertilize the plants,” says batany professce 
Robert Rasmussen of Humboldt Site fine 
versity. “As the marsh ntites, there are 
more plants to pull more nutrients our ie 
the water, After full treanmene the waste- 
water thar goes into Humibold: Bay is al- 
most clean coough to drink,” he ears. The 
project has inspired several others nearly. 














INTRODUCING 
THE ONLY WAY 
TO GET THERE. 
THE NEW FORD 
EXPEDITION. 








Crafty Spider Mimics Moths' Scent 


NAMED FOR the South American bola snare, 
bolas spiders excel at capturing moths. 
Females spin a silken thread with a sticky 
droplet at the end, When a moth appears, 
the spider swings the thread wot it sticks. 
Then the huntress cocoons her prey—here a 
bristly cutworm moth—to eat later. Bur the 
weapon is short-ranged. To bring moths 
closer, the spider uses deception. She pro- 
duces chemicals similar to pheromones used 
by temales of several moth species to attract 
mates, When male moths show up, they find 
only a tatal attraction. 
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Bugging Horns to Track 
a Few Surviving Rhinos 
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A wider iting area makes for batter found stokes. odicing the new 1997 WideTtack Grand Pr 


d horses to the road 
forbeter contol on your pasting shots. Choose coupe or sonar and soe for Youreal Wider la Bot , 
> a ee See GAU! s-Ee ; 
800-2PONTIAC Wi. DOnTES.com 
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